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The Directors and Staff of 


, ou 
"tei B & K laboratories imited 
wish their many friends the 
"Ss wa Compliments of the Season 
. and extend to them a 


cordial invitation to 
visit the 








at Caxton Hall *® 


MARCH 24th—29th 





A Complete Service of electronic test equipment and precision 
components is offered from world sources, covering : — 
AUDIO—ACOUSTIC—VIBRATION—TELEMETRY—RF 
CHEMICAL, NUCLEAR & MICROWAVE FIELDS 


of 
VAG 


% ADMISSION BY TICKET ONLY — PLEASE ‘PHONE, WRITE OR WiRE 

















B & K LABORATORIES LIMITED 


$7 UNION STREET, LONDON, S.E.I— TEL: HOP 4567—-'GRAMS : BANKLABS LONDON 
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The charge for these advert 
Wanted,"’ 
to Box Numbe 


when ic is free 





CLASSIFIED ADVERTISEMENTS 


sements is 6d. per word. Minimum charge |2/- 
Specially spaced advertisements per inch single 
should be addressed to : 


* Electronic Engineering,”’ 


. Box number 2/- extra, except in the case of advertisements for 
column 42/6. A remittance must accompany the advertisement 
28, Essex Street, Strand, London,W.C.2. Advertisements must be received 
before the | 4th of the month for insertion in the following issue 


* Situations 



































OFFICIAL APPOINTMENTS 
ATOMIC ENERGY RESE ARCH ESTABLISH. 
MENT. Harwe! requ Experim f 
Offic assist in developn Sr ee 
equipment includir r 
supervise the pers 
Health Physics Dis 
valent essential 
Pp eraphic experience 
9)-2 1.215 Housing 
jitioms. Send postcard for applicat forn 
and «details to Recr Officer (9527/42 
AERE Didc Berk W 267 
CITY OF BIRMINGHAM — “hor pag! com 
MITTEE Garretts Greer ica 
sarretts Green Lane an 3 Prine ipal 
B. ¢ Whitehouse. BSc.. ARI Applications 
ir nvited for the following full-time teaching 
posts. Assistant, Grade B. to teach subjects of 
ON « Electrical Engineering and C. and G 
Electrica Installatior Courses H_N¢ w 
eq alent qualification required. Assistant, Grade 
B. to teach subjects of the ( and G ele 
communications Engineering and Radio Servicing 
Courses. HN or equivalent qualification re 
quired. Salary scale: Assistant, Grade B £650 » 
£25—-£1.025. In all cases when assessing the initial 
Salary. merements may be allowed for appro 
Priate experience in Industry or Commerce, in 
addition to increments for training and Degree 
or Degree equivalent. Application forms and 
turther particulars available from the Principal 
(foolscap s.a.e.), to whom completed forms 
should be returned as soon as possible I 
Russe Chief Education Officer W 2678 
ciry OF BIRMINGHAM EDUCATION 
COMMITTEE, Matthew Boulton Technical Col 
eee. Principal: J. C. Martin. M.A. (Cantab.) 
AM.1LEFE A.M. Brit.1.E.E. Required from Ist 
September. 1958 Lecturer to teach City and 
Guilds Telecommunication Courses including 
Mathematics to Final Level. Burnham (Further 
Educe’ion) Salary Scales: Lecturers £1.200 £30 
41... Application forms and further parti- 
culars from oom 52 (foolscap S$.A.E.) Educa 
tron Office, Margaret Street, Birmingham, 3 
ind completed forms should be returned not 
later than 3rd January, 1958. E. L. Russell 
Chief Education Officer W 2686 
ELECTRICAL ELECTRONIC ENGINEER 
quired at the Atomic Energy Research istablist 
ment. Harwell. to operate and maintair 
nuclear physics machine consisting of 28 Me Vv 
ectri accelerator used to bombard uranium 
J s © produce intense neutron pulses for 
ear experiments. Applic: should have a 
fessional qualification. An Flectrical Engir:<¢ 
ng Degree and experience of hig! acvum of 
t frequency techniques or of elect 
cr aniont plant. is desirab Salar is fat 
- to £1,270. Housing, superannuation and ex 
celle conditions. Send postcard Recruitment 
Officer «902Y 42 A ERE Didcot, Berks 
W 2485 
PRINCIPAL AND SENIOR SCIENTIFIC 
OFFICERS required by the Atomic Weapons 
R arch Establishment, Aldermaston, Berkshire 
t ad small teams carrying out original research 
i ectronics. These deal i » wide variety 
of teresting problems which arise in nuclear 
physics and which cannot be solved by presently 
ailable techniques and equipment. Applicants 
should have a first or second class Honours 
Degree. preferably in physics or electrical engin- 
ring, and should have conducted independent 
research im suitable aspects of clectronics These 
j ultra-fast time measurements, genera 
‘ mic circuit design, transistor circuit design 
nformation handling techniques and the design 
f special electronic tubes. Salary : P.S.O. £1,460 


tributory 


080 p.a. S.S.O. £1,215-£1,425 p.a. Con 
Superannuation Scheme A house or assistance 
towards legal expenses on hous purchase wil 
he available for married officers living beyond 
dail travelling distance. Postcards for application 
forms to the Senior Recruitment Officer at above 

ess. Please quote ref. 1647/42 W 2672 

JANUARY 1958 ‘ 








cenit ae ALTH OF AUSTRALIA. Com 
1 Screnufic and Industrial Researc! 
Organizati: Divisior f Plant Industry 
Appointment N 130/324 « if Electronics Engineer 
The Divisi t Plant Industry is concerned wit 
rescar r many aspects Of agriculture and 
bi uy ic to the continued development « 
Australian prima industry Its research p 
1 in Bioc emistry, Biophysics, Physiology 
“zy. Microb and other fields, bot! 
iboratory and the field, offer considerabi 
pe for the application of electronic principles 


ind fer. collaborative research in the electronics 
field Applications are invited from ~ gtadugtes - 
ed in this field, to establish an electronics 
aboratory within the Division at Canberra. The 
appointee wi be required to mitiate research 
in t application of electronics to problems 
t agricultural research Applicants should 
possess a University. Honours Degree in Scien< 
or Engineering and have had research experience 


in the fields of instrumentation and applied elec 





tronics Dependent on qualifications and ex 
pe rienc commencing salary will be determined 
with tt r of Senior Research Officer 
tA2 O48-£A2.3 or Research Officer £A1,313 
£A1,938 The appointment may initially be for 
a period of three years, although an indefinite 
appointment would be considered Appointment 
will be conditional on a satisfactory medical 
examination If appointment is made on an 
indefinite basis the position will carry Superataua 
tion Fund or Provident Account privileges In 
the case of an appointee domiciled overseas, first 
class sea fares to Australia will be paid for the 
appomitce, his wife and family If the appointee 
does not take up an indefinite appointment with 


at the expiry of his fixed period 
paid Applications 
130/324 and stating 
and year of birth 


the Organization 
return fares will 
quoting Appointment 
full name place date 
nationality, marital state. present employment 
particulars of qualifications and experience and 
war service, if any, accompanied by the names 
of three professional persons willing to act as 
referees, and copies of not more than four testi 
monials should reach the undersigned from 
whom further particulars may be obtained, not 
later than the 25th January, 1958. A. Shavitsky 
Chief Scientific Liaison Officer Australian 
i Liaison Office, Africa House, Kings 
way, London, W.C.2 W 2695 


also be 


No 


Technician. The Civil 
applications from 


HOME OFFICE: Wireless 
Service Commissioners invite 
men for about SO permanent posts in Pinner 
Middlesex, and at Regional Wireless Depots in 
various parts of England and Wales Duties 
include installation and maintenance of radio 
equipment used by police and fire services. Age 
at least 22 on Ist December, 1957. Candidates 
must have sound theoretical and practical know 
ledee of wireless engineering and commun 
cations equipment including V.H.F. apparatus 
Possession of (¢ and G. Certificates, or com 
parable qualifications, an advantage Ability t 
jrive a desirable. Starting pay at Pinner £54 
at age 24 for each year under 24) up t 
£6 at Scale maximum £685. Slightly 
Depots. Promotion prospects 

Further particulars and applica 
Secretary. Civil Service Commis 
House, Old Burlington Street 
quoting No. $4792/58. Complet 
be returned by 6th February 
99 


car 
(£30 less 
age 28 
less at Regional 
Five-day week 
tion form from 
sion Trinidad 
London, W 
application forms to 
1988 


ENGINEERS 
Instruments Section of the Cer 
Authority, Research Laboratories 

Section provides an instrt 
service for all departments of the Labora- 
include the maimtenance, cal 
variety of 


INSTRUMENT require 
Electronics and 
tral Electricity 

Leatherhead The 





ment 
tories and 
bration and 


duties 


repair of the 





wide iysical 


r 
Candidates 














chemical and electrical instruments 
should have the Higher National Certificate and 
experience in electronic or nucleon eq pmer 
will be an advantage Salaries witl scal 
£820-£995 p.a or £550-£725 p.a Writ f 
application form to D. Moffat Director o 
Establishments, Winsley Street, London, W.1, t 
be comp'eted and returned by 28 January Qu rt 
Ref. E.E./513 W 269 
RUNWELL —_ HOSPITAL, near Wick 
ford. Essex ysicist required. Gradu { 
British Universit ith experience i lectror 
Engineering Duties mainly cor cted wit 
Department f Flectroencephalography als 
jevelopment of equipment in other jepartment 
National Health Service salary and conditions 
pensionable post. Salary: Probatio (for n 





Holders of Ist or 2nd Class Honours 


entrants) Honou 
Degree £525-£625 Other ntrants £475-£575 
(Starting salary according to post-gra juate ex 
perience.) After probationary period £650-£84° 
. F i me f tw 

lications to Secretary with nam 
- W 2675 


referees 


REACTOR RESEARCH PROGRAMME. Eng 





eers for (1) operation and maintenance of researc 
actors; (2) site services peration and mai 
tenance «3 lectrica ind mechanical desigr f 
prototype and experimenta juipment; (4) ma 
facture of experimental equipment. The Engine 
ng Division of the Research Group of the Uni 
Kingdom Atomic Energy Authority forming 
nucleus staff to man and commission a Resear 
and Development Establishmer Dorset \ 
wide rang of posts will b&b available in th 
Project bi applicator i this time being 
sought from those interested um yomung for mit 
training at A.E.R.E. Harwell. Candidates should 
have served a recognized engineering apprentic 
ship or have had equivalent training and | 
Corporate Members of a semor Engineering 
Institutic The possession t an Engineering 
Degree would be a idvantage. Posts are avail 
able at the following levels: £815 (age 25)-£1,271 
(Eng. Hb), £1.300-£1,740 (Eng If), £1,790-£2,08: 
(Eng. 1). Please send a postcard to the Recruit 
ment Officer (993Y /42 AER FE. Harwell, Did 
cot, Berks for upplicat torr and further 
details W 265 
THE NATIONAL RESEARCH COUNCIL OF 
CANADA, Ottawa, Ontario, requires Scientifi 
Staff Applications are invited tor vacancies ii 
the Instruments and Coatroi Systems Laboratory 
of the Division of Mechanical Engineering. Duties 
will include development of special instrumenta 


tion equipment and systems for laboratory, field 
and airborne use. Design and development of 
automatic control systems. Applicants must be 
graduates or post graduates in Engineering Physics 
Plectrical Engineering or Mathematics and Physics 
from a university of soveguieed standing. Experi 
in the fields of industria) 
computer design, precision gyroscopes 

recording techniques would be an 
salary up to a maximem of 
$8.700 per annum will depend on the qualifica 
tions of the successful applicant Employee 
benefits include a five-day week, generous pro 
vision or vacation and sick leave, medical 
hospital insurance plans and an attractive pen 
sion scheme. Applications should be directed to 
the Employment Officer, Nationa! Research Coun 
cil, Sussex Drive, Ottawa 2, Canada. Please quote 
file ME-497 W 1937 


ence instrumentation, 
electronics, 
or magnetic 
advantage. Starting 





UNIVERSITY OF NOTTINGHAM, Departments 


of Civil and Mechanical Engineering. Honours 
Graduates in Engineering orf Sissies are «invited 
to apply for appointments as Seniwr Researct 
Assistants in the fields of Fatigue of Metals and 
Photo-elasticity. Salary within the scale £900 & 
£1.300, with membership of F SS.U. and family 
illowances. Further particulars from the Registrar 


whom applications should be submitted before 

Sth January 1958 W 2664 
UNIVERSITY COLLEGE OF SWANSEA. Appl 

cations are invited from Electrical Engineers and 
Physicists or Mathematicians with suttable exper 
ence for a Lectureship Fiectrical Engineering 
Salar n the scale £900-£1.650 per annum. Com 

wn ge salary can be at ar poin m the scale 
rding t jualificat and experi ce. Mem 

hip of FSSA and hildrer allowance 

me. Further particulars may be obtained from 

e Registrar, University Colle ewe Singleton Park 
Swansea, to whom npplic itn pies) mus 
he nt by January IS 5 W 194¢ 

SITUATIONS VACANT 

AMERIC AN INDUSTRY eking well-qualified 

I neers ientists ind Mathematicians for 
research Jevelopment and productior Attrac 
alaries, liberal benefits. pleasant workir 

i living conditions, challenging projects, sub 
intial opportunity for advancement expense 
ransporting self and family to America paid 

For further information please send resume of! 
jucatio ind experience to J. F. Howard, P.O 
Box 22, West Roxbury, Boston 32, Massachusett 

U.S.A. All replies kept confidential Ww 


ENGINEER required by wel! 


AN ELECTRONIC 


known instrument Company in London. BSc. i 
Flectrical Engineering essential Age 22-28; t 
work on transistor circuit development, for ver 

ting industrial applicator Salary £75 


£850. Write Box W 1936 


ELECTRONIC ENGINEERING 





AN EXCEPTIONAL OPENING 






ENGINEERING 


COSSOR INSTRUMENTS LTD., nior Engi 
r, required for circuit development on oscillo 
and other instruments. Preference giver 
ma Iding Degree or equivalent academic 
alifications, plus five years’ design experience 
n design ability and wider experi 

e would be considered in lieu. For a_ pr 
th a f nd expanding Com- 





Z P “ ay ‘ 
I th establis group write to The 
Technical Director, ¢ Instruments Ltd 
His Gr Lond 5 W 2689 


( ia 


DATA PROCESSING SYSTEMS RESEARCH. 
, . fered t I wsit sraduate 





\ I M i prosp 
i peor tt 4 + the 
r f j 1p 
seer 
P M r. P 
ke i Ww 
\ WwW ' 


DEKKO CAMERAS, 4 felford Wa East 
Act W ‘ ‘ tor I 


f f t xper c f circuitr sing th 


DESIGN AND DEVELOPMENT ENGINEERS 
: { , red { } mod 


r abora 
1 prog gineering company engaged 

id opment fomestic rad 

Tt ra scancies present exce 

Pr ipplicant h qualificat 

HN & rd whi i had previous 
per field. A attra vil 
sid ; fidat burt 

4 ia muro 

fi { p " 





DESIGN AND DEVELOPMENT ENGINEERS 


™ r nt edia rir ’ 
Inter i Jur required for tl 





i , r { _ 
4 progressive engineering 
npa gaged im the advanced development 
t j chanica ngineering n 
x Jed weapon and other appli 
The JeSip if ator is expanding 
pid i r pportunities exist which 
f p r jividual initiative and ad 
‘ IpT ints wh possess HN. 
ad pre us experience it 
t A slar f pt £1,500 per annum 
\ r p id { t ected La didat S ALU rding 
Apr which will be t 
r s uld «x full of 
i I 1 be addressed 
B W 


DEVELOPMENT ENGINEER for Jes { 





Pp n and 
i jevic Pleas write advi 
ng experi to D.C. Phipos. Director’ Crate: 
Prod I St. Johns, Woking W 1935 














DEVELOPMENT ENGINEER and several tech 
te required for a desig > cor 

I 1 r r juipment and 
P Preferenc wil a given t 
> g experier f this class of work 
vith a sound basic ramming 
4 i exp will be c and 
1 th opportunity of gain 
pract k wiedg f design problems met 
fultillir mn ind Services specifica 
attra t ir $s offered together 
utur Prospe The company’s 
aboratory and production facilities are 


te eastern suburbs of London. Please 


cations and exper 





ELF 


CTRICAL ENGINEER with 


able Capacitor development equired = fc 
ea i lia work HN <¢ Degree 
i ss 4 Excellent scope candi- 
Preters problen t rout Locat 
I Wy Box W 268 
2 





ELECTRICAL AND ELECTRONIC 
EERS. Hilger & Watts Ltd 


ENGIN. 


ons from suitat qualified Gradua F 
willing t assist the Developme: 
V age Sparking Equipment to be . 
Aut atic ©=Analys of Metals I 
applica eed have a s j 
fu c jue High \V ag E 
Design and bilitv t 1egotia 
C ractor The post off 
t 1 prox e career wit 
Compa f i rnatic reputa v 


Those t is r tl 
zg ane j ge fi Jetails 
C s perience t R 
Per Officer. 98 St. P i A 
( R I NW! § 


ELECTRICAL DEVELOPMENT ENGINEERS 
eo ‘ ation 


(Grad.L.f required ca 





cyuir? 
esting work n advanced electr a 
systems. Famiiiarity with basic serv rn 
theory and practice. an advantage ca 


Draughtsman (O.N ( or equivalent) required 
work with development team on preparat 

schematic and other diagrams Successful app’ 

cants will work from the design office “ 

follow work through from laboratory to field 
trials Posts are permanent and inciude part 
cipation in voluntary superannuation scheme 
Write with details of age. qualifications. experi 
ence and salary required to Chief Electrica 
Engineer, British Manufacture and Research Co 
Ltd., Grantham, Lincs, quoting Re AWK /MPF 
EE W 337 





ELECTRICAL TEST ENGINEER required for 
an interesting position in New Laboratory at 
the Crawley Factory in Sussex of J. Stone (Dept 
A Higher National (Electrica r the 
equivalent is required, with some Laboratory ex 
perience, including the Design of Testing quip 


kinds. A good salar be 








paid ¢t ‘2 applicant and assistance wil 
be given towar Housing in the Area App 
in writing, giving full details of exper e 

to: Personnel Manager, Gatwick Road. Crawle 
Sussex W 266 


ELECTRONIC ENGINEER. Excellent prospects 

exist in a new group being formed two cater r 

all technical aspects of electronic equipment beir 

manufactured. This involves development, tect 

tical supervision of manufacture and esting 

wether with the provisioning of a tes 
i 









on. Ca jates should have design expe ce 
ne or more of the following: Broad Band Amp 
fiers Pulse Techniques Transformer Design 
Microwave Techniques, V.H.F. Techniques, Tran- 
sistor Circuits. Qualifications should clude 

‘ or Higher National in Phys r Elec- 

cal Engineering although wher andidates 
have exceptional practical ability, ¢ ‘ be 
accepted. They should also have the personality 
necessary to hats with customers 





matters. Housing assistance and Superannuation 


Scheme. Apply: Personnel Manager, The General 
Flectric Co. Ltd.. Broad Oak Works, The Arr 
port, Portsmoutt W 2671 


ELECTRONIC ENGINEER. Qualified Degr 
Standard, to take charge of instrumentation sec 
tion of development department Successtu 
applicant will be responsible for supervising 

design, installation and use of test equipment 
mainly concerned with vehicle braking and sus 
jetal 


Pension systems. Apply by letter giving 

of qualifications and experience t Personn 
Manager, Girling Ltd Kings Road. Tysele 
Birmingham, 11 W 2684 





CLASSIFIED ADVERTISEMENTS 
continued on page 4 
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@ Precision Component designed and manufactured or consistent accuracy 


To meet the increasing demand for smaliness 
combined with accuracy, we are producing highly 
stable precision wirewound resistors of minute 
dimensions to standard specification. Please 
write for further details. 


DIMENSIONS &* long by °* diameter 
20 s.w.g. tinned copper wire 2} 


Axia! leadouts 
long 
Standard Tolerances set at 20°C.: | 0.5 0.25 


¢ and 0.1 


ANY VALUE can be supplied in 
100 ohms to 200K ohms 


the Resistance Range 


Rating § watt 


Guaranteed Temperature Coefficient better than 0.002°, per 
over the whole resistance range 


Specially selected wire is sealed against hur 
temperatures of over 150°C 


city 


Standard products include 2W, |W, }W and iW precision wirewound resistors in the 
Higher values can also be produced to order. 


range 0.1 ohms to 10 megohms. 


lma COMPONENTS LTD. *': 


naresin which 


can 

















withstand 


HOLLOWAY ROAD, LONDON, N.1I9 
Telephone: ARCHWAY 00!45 










=> sity 


es 





ba 














GEARS and 
ASSEMBLIES 


TO DIRECTORATE 

OF NAVAL ORDNANCE 
CLASS i 

AS SUPPLIED TO 
LEADING RADAR AND 


ELECTRONIC FIRMS 


All supplies are subjected to a rigid system 
of inspection, assisted by a complete range 
of up-to-date instrument proving equipment. 


SCIENTIFIC & PROJECTIONS LTD. 


Kidbrooke Park Road, Kidbrooke, S.E.3 


Telephone: LEE GREEN 2/12 








ENGINEERING 





ELECTRONIC 





ELECTRONIC ENGINEERS. Two Serior Engin- 


a leading Electronics Com 


qualifications (Engineering or 


and progressive salaries 









ENGINEERING 








ELECTRONIC WIRING ASSISTANTS. Appl 


cations are invited from men experienced i 
Wiring Electronic Equipment, able to work trom 
cuit diagrams and preferably used to Prototyp 
work. Five-day week, canteen and Superannua 
Sc i@ Please write stating age, experienc 


and salary required quoting Ref 
Personne! Officer, Hilger & Watts Lid., 98 St 
Pancras Wa Camden Road, Lond NW. 


ENGINEER REQUIRED for Test Departn 





of Transformer manufacturing concern. Products 
handled require a sound basic knowledge 
elementary physics (particularly of electricity and 
magnetism) and a considerable understanding of 
the technique of electrical measurement Apply 
in writing giving full details of education, qual) 
fications and experience to Acro Transformer 
Ltd., 229 Shenley Road, Borehamwood, Hert 
W 1942 


ERICSSON TELEPHONES LID. have in their 
Research Laboratories a number of vacancies tor 
circuit designers and equipment engineers to work 
on nucieonic instruments and interesting new 
developments in electronic computing and switch 
ing: both senior and junior posts are available 
Applicants should have a degree or equivalent 
plus several vears’ experience of appropriate work 
for the senior posts: correspondingly reduced 
qualifications and experience will be accepted for 
junior posts. Salaries will be in accordance with 
age, qualifications and experience. Applications. 
giving details of age. academic or other training 
and qualifications, experience and starting salar 
required, should be sent to the Personnel Officer 
Ericsson Telephones Ltd.. Beeston, Nottingham 

W 197 


ERIE RESISTOR LIMITED invite applications 
for the post of correspondence clerk in their 
main Sales Office in London Essential qualifi 
cations are ability to handle voluminous and 
varied correspondence, practical technical know 
ledge. and similar recent experience Knowledgec 
of export procedure an advantage Written 
applications only, stating age, experience and 
salary required, to Sales Manager, Carlisle Road. 
The Hyde, London, N.‘ W 2691 


ERICSSON TELEPHONES LIMITED, [nstru- 
ment Division, have vacancies for Senior and 
Assistant Electronic Engineers, Mechanical Design 
Engineers and Laboratory Assistants for interest 
ing work on Industrial and Nucleonic Instruments 
Attractive starting salaries and good prospects for 
advancement will be offered to successful appli- 
cants. Write to the Personnel Officer, Ericsson 
Telephones Limited. Beeston, Nottingham. W 333 


FERGUSON RADIO CORPORATION LIMITED 

















require Senior Engineer A high salary is avail 
able for a Senior Engineer to work on a variety 
of Projects connected with television Circus 
design experience in at least one of the following 
subjects is essential. (1) Television tuners. (2) Wid 
band amplifiers operating at around 40Mc/'s. (3 
frequene puise amplifiers. (4) Televisix 
w circuits and components. (5) Colour tele 
sior tems. (6) Industrial television systems 
App ints should normally Pos « 1 gon 
University Degree in Electrical Enginecring 
AM IES but this requirement will be waived 
if jen satisfactory practical ability is avai 
i Contributory Pension Fund and Life A 
al Schen Canteen and welfare  faciliti 
p ‘ writing ri Ihe Personnel Manager 
ry n Radio Corporation Ltd., Gt. Cambridy 
ad, Enfield, Middlesex W 26582 
METROPOLITAN-VICKERS ELECTRICAI 
COMPAN, LTD. D opment Engineers f 
Fiectron Departs t. Graduate Ft 
P! vsicist with tw Thor ‘ irs 
fh { fon wa technigt 
va r ir required for th retica 
practica work the development sbora 


ft Radar Division. Applicants are r 


fer 








ERIE RESISTOR LIMITED invite applications 
for the post of technical sales representative for 
London and the South. Applicants should pre 
ferably have had recent similar experience, and 
must be the holder of the Higher National Cer- 
tificate in Electrical Engineering, or of some 
similar qualification, and, above all, must be 
fully conversant with modern radio and television 
technology from the manufacturing angle. Appli- 
cants must also owr reasonably modern car 
Written applications stating age, experience 
and salary required Sales Manager, Carlisle 
Road, The Hyde. London, N.W.9 26% 


1.B.M. (UNITED KINGDOM) LTD., Greenock 


Electrical Labora Opport ics are available 
for engineers ard 4 n the tollowing 
fields: (1) Desig Specisitsed Test Equipment 
qQ Investigatic < Component Reliability 
Applicants should Possess either University 
Degree © equiva t and ha experience 
electronic circuitry d ‘lopment or luht electrica 
enginecring. The scant post fler outstanding 
Opportunities 4 moder tactory with good 
conditions. Free Life Insurance Policy and Per 
sion Plan, genero ckness benefit tc. Salar 
ranges will be based jualifications and ex 
pericnce Applicant should reply tr writing 
Stating auc educat experience etc., t 
Personne! Manager W 2680 


INSTRUMENTATION ENGINEER with elec 
tronic background ss required for a_ technicai 
Sales Office. Ability 1 Jea! at all levels with 
complex technical inquiries and contracts. The 


Company is dealing with pressure, weighing and 
computing systems Car mwning enwineers aged 
between 25 and 3) apply. salary will 
depend on qualification d experience. Apply 
Transducer Divisior angham Thompson 
Ltd.. 88 High Road, Bushey Heath, Herts. Ref 
ABC Sale W 2681 


OVERSEAS. Oj! Exploration Company with 
world-wide seismic parties offers permanent 
career to clectronic technicians. Maintaining and 
operating fie'd equipment. Men prepared to accept 
responsibility and to live in camp conditions 
Academic qualifications to H.N.C. or equivalent 
or genuine practical experience to this standard 
Liberal home leave. Box W 336 





QUALIFIED PHYSICIST REQUIRED for a 
post which involves a study of the deposition of 
pure materials produced by thermal and other 
decomposition techniques Experience in high 
vacuum work and also in RF. heating units 
would be an advantage. The post is of a senior 
nature. and the location Northants. Box W 2617 


MUIRHEAD & CO. LTD., Beckenham, Kent 
require Technical Sales Engineer, 28/35, to travel 
in the Midlands and South Wales areas with short 
assignments abroad Applicants should have a 
sound knowledge f electrical and = clectronic 
instruments in the audio-frequency range, also the 
ability to do routine servicing. Degree or H.N.C 
desirable. Full expenses and car provided. Pen 
sion Scheme. Apply stating age, salary and ex 
perience to Person W 2687 


MAKERS OF 








Manager 


T.C.C. condensers, N Acton 


Londor invite application tor the positions of 
Technical Sales Representatives The situations 
offer good prospects and are pensionable. Apphi 
cations, contamimeg details as to age. qualifica 


tions, experience and sulary required will he 

considered in strict confidence Only first-class 

men are being entertained——preferab those wit! 
electr 


experience in the radio and ectrical industries 
Reply to Sales Director The T graph Cor 
denser Co. Ltd., Nort Acton, Lond W.3 
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TECHNICAL ASSISTANTS REQUIRED for ¢ 


laboratory of ar u ring c parcy situated if 
the cast suburh Ce d Applicants 
jualificati t O.N& 


it fectr mechanical engi 


should have a minimut 





Faperienc 


eermng helds idvantag but essentia 

Thes severa ‘ ther xcellent oppor 
tunities and a xg 1 salary ll be paid to th 

lected candidat Pleas repl givin ft 

letails ¢ ualifica ‘ *xper Ys to Box 
Ne W 265S¢ 
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continued on poze 6 
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EKCO LINEAR AMPLIFIERS fulfil the exacting requirements for 
amplification and pulse-shaping when pulse-counting from ionisation chambers 
and proportional counters. They are used extensively for research, general 
counting routine, spectrometry and as part of nuclear reactor start-up systems. 
These amplifiers operate from A.C. mains and can be supplied for rack 
mounting, Or in instrument cases, as illustrated. 


Specification Type N568 
MAIN AMPLIFIER 


Frequency Range: Gain constant within 3dB from 500 c/s 
to 2.8 Mc's. 

Time Constants: Differentiation variable between 0.08 micro- 
seconds and 250 microseconds. Integration variable 
between 0.08 microseconds and 8 microseconds. 

Gain: Variable in 2dB steps from 46dB ( 200) to 86dB 
(* 20,000), 


Gain Stability: 0.1°, overall with either head amplifier, 





Input Impedance: 100 ohms. 
Specification Type N567 Output Voltage: At lcast 70V positive-going. Hum not more 


than 0.25V peak-to-peak at maximum gain. 


MAIN AMPLIFIER 
HEAD AMPLIFIERS 


. 24 a) = he 
: . »» Gain con vithin 3dB from 20 c/s 5 : 
| oe ——— Gain constant within 3d ¢ Cc H.F. Head: Gain adjustable to 12dB ( 4) or 34 dB (> 50). 
to D cS Input impedance 22 xohm ) , 
; put impedance 22 megohms and 1OpF capacity, 
. ’ ; . fferentiat an ntegration variable . 
Time Constants: Differentiation and Integrati Cathode Follower Head: Gain 0.07 times. Input impedance 


‘tween 015% microseconds and 1.5 milliseconds. 
between 0.1] croseconds and . 10 mezohms and lUpF capacity 


Gain: Variable in 2dB steps from 44dB (x 160) to 84 dB 





(x 16,000) 
Gain Stability: | rall with either head amplifier. , 
Input Impedance: 100 ohms or 500,000 ohms and 30pF 
capacity 
Output Voltage: At least 50V positive-going. Hum and noise 
1.&V peak-to-peak at full bandwidth. 


not more U 


| 
HEAD AMPLIFIERS 
H.F. Head: Gain 39dB (90) constant within 3dB from 
50 Kes to 500 Kes. Input impedance 100 megohms 
and 10pt capacit 
L.F. Head: Gain 39dB (* 90) constant within 3dB from 


0 ¢ sto 50 Ke s. Input impedance 50,000 mezohms and 
20¢ | 


1OpF capacity 





Sales, installation EKCO ELECTRONICS LIMITED 


and service 


Southend-on-Sea + Essex * Telephone: Southend 49491 
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SENIOR ENGINEER REQUIRED for clectronic 


p nts type approval laboratory. Must have 
good knowledge of R.C.S and R.1.¢ typ 
approval procedure and compilation of reports 
in a form acceptable to Government Departments 
Sound knowledge of mechanical and environ 
t tal testing essential. Will be required to act 
as dey to Engineer-in-Charge and should be 

ipa £ controlling and traiming junior staff 
A ¥y fous salary and scope for expansion of 
intere are offered t uitable qualified appli 
Ca Please reply ving full particulars of ex 
per e and qualific to ” Bo W 2668 
TEC teNICIAN ELECTRONICS. Hilger & Watt 
‘ i interesting Vvacar t 4 young mat 
any make a career in the field of Micro 
Na Development and willing to commence by 
iT re ut routine measurement This vacancy 
flers x 1 scope for advancement in an expand 
ation. Candidate hould have reache 
ON& or G.C. 1 Matt ar 
P Five-day week canteen and superat 
heme. Applicat n writing to Pe 
Officer, H r & Watt Ltd OR St 
Pa Way, Camd Road, N.W.1 W 265 
THE NATIONAL RESEARCH tag ong nt 
npr hae macy ha acur rt speciahiz 
now expanding for the Devclopment of 
I Digital Computers and Data Processin 
) f Advanced Design and Performance 
An fF t ea t Engineer with digita 
aper required tft ma 
fir “ tl wl ’ 
‘ is Pp id yment ract 
th ract ind t progr 
ra tr ectr i ind rr 
gz pornt Deg r eq i 
t ‘ jualificat j ab A T t 
A [ ra n exper 
r : juired t 
P ra 
‘ i r i 
wh 4 data processir 
p | pla ing and cngineeri 
or tly worked t, and 
with the ill pla pr 
& Work Ww 4 ance t prope 
; docun and | n wit 
My ru 1 I ’ juipmer 
b t ! jua 
I n Or ' ind 
fethox . jesira Prove ' 
ta jualifications and 
( t Pp Scheme Fiv 
k. Cant facilit AD nfider 
NR DE ee Str Lond Wil 
W 2683 
TEST GEAR MAINTENANCE TEC HNICIAN 
4 with practica xper p 
ectr " juired. ON 
=e ( ind ¢ fica | ib 44 ur 
A k ft pensi 
Ing is x] 
alar 1 Per Ma 
I Rad Ltd P r Road, W4 
W 266 





TELEVISION DEVELOPMENT ENGINEERS. 
Tw r ngineers ar red for th 
D pment Laborator f an important Com 
a West I j listrict Applicant 
d good acaden jualifications and 
hay everal years’ experi > in the devel 
f black and whit rs and me 
knowledge of c t ! I positions 
f anent and pens able and offer scope 
j eme All apy 1 SW ¢ treated 
fhd and ig f fetail 
per jualifica rh, ind alar 
Box W ) 
THE PLESSEY COMPANY LIMITED. S 
ny for S ' 
I wn 
ur pr 
Dp 
‘ 1} 
‘ 1 
I par 
" " 
\ A ic 
r 
I M I P ( I 
' \ | " | W 2674 
TRANSISTOR ENGINEER. A ANY eX r 
I t r at R r I ra 
5 i md ck lor 
0 i H N « 
i t } ! 4 ist r 
desig Ay .. 3 R & Ltd 
Hi La ( S W 1945 
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SITUATIONS WANTED 








RESIDENT CONTINENTAL REPRESENTA- 
TIVE Position sought by qualified electronic 
engineer aged 30, having language proficiency 
(fluent spoken and written German) sound en 
yineering background and five years’ design 
clopment experience with leading electronic 
manutacturer Box W 1943 
SERVICE 
ASSEMBLY AND WINDING CAPACITY 
lectronic Equipment Supervised by technicians 


experienced in modern technique applicable to 
computers, V.H.F and high-voltage oscillatory 
circuits. D.T.V. Contracts Dept. 138 Lewisham 
Wav. New Cross, S.E.14. TiDeway 6666. Ext 
W 


1758 

Gl ARANTEES DELIVERY fron Broxleu 
Product ictory at Broxbour See pag 
W 267 


Mans Al WORK. Al 
ur own specific 


types cabine chassis racks 


tions. Phillpot’s Meta 








“ rks Ltd., Chapman Stre Loughborough 
W 359: 
EDUCATIONAL 
BOROL oer _ ‘ Lear HNIC, Boroug Road 
S.E.1. Spx Cour Electron Optic 
(with particular application to Cat je-Ray Tube 
\ ure i funda nta 
pr ypt wi x 
I re 1 17 Januar 1958. J 
bh 4 ¢ cerned tr 
iv Cathode-Ray T 1 allied 
par yw far theor . jera 
s c j Tt r cor 
‘ > i u t c ‘ giver i] 
t g from 7 jpn Further detai 
ipplication fi the Secretary. W 267! 


ae COLLEGE OF TECHNOLOGY. 
I ind 7 





hei rrec Se A Cours 

12 r Wed Vv evening 7-9. con 

8 January 1958. F £1. Furthe 

' ! ns ay be obtained from 

S ur f Tubes ( ¢), Battersea 

( f Tect Ba Park Road 
I | S.W W 1938 
CITY AND G UILDS (Electrical, et n “NO 
PASS—NO FEF s. Over 9S per cent suc- 
cesses ij Lf jet { ™m jeri surses n 
ill branches of F tric I logy send for 
ir =144-page handbook FREE ind post free 
BILE.T. (Dept. 337c), 20 Wrigt Lane, London 
WS W 3i1¢ 
FRE E: BROCHURE ceiving deta f course in 
i ngineering and & r covering 

A ~ Brit L.RLE City and Guilds Moderate 
Write to E.M I. Institute Dept. EE29 

} dor W4 Ass ated with H.M.N W 4953 
MIDDLESEX COUNTY COUNCIL. Education 
Commit Brunel College of Technology, Wood 
and A c Actor W.3 I following 
adva 1 course n Applied Physics, suitable for 
rad r Iders of | er National Certi- 
fica nN arra j Vacuum Tech- 
Iw week cour Monday even- 

6.30 to 9 p.m ymmencing 6th 

1 . 198R Ultrasonics Six-week course on 
Wed la nes from 7 to 9 p commenc 
1 February 58 Further particulars 

\ i from th Principal ce 2 

( r. M.S Ph.D., Secretary to the Education 
Committ W 2694 
r.¥. AND RADIO—A.M Brit. IRE City & 
G is. R.TE.B. Certificate, et or No Pass 
N Fee rt Over 95 per cent successes 
Details I ations and H ¢ Training 
Cour all br h of Radio and T.V. Write 
f 144-page } ibook—Fr BLE T. (Dept 
H I Wrigt Lar London, W.8. W 18 


FOR SALE 


GUAR , - AG SLIPS at low prices. 3 in 
Resolve ) 10861), St 50, Unused 
t Large stocks of 
these and other types PB. Crawshay, 94 Pix 
more Way, Letchworth, Hert Te I8S1. W 321 


ea i tn 38s most Id 


IN STOCK. Lar j titi {: Bulgin Resistor 
ind Plug R ( t Termina Loudspeaker 
Ga Units, ¢ rn Lead-in Tubs Weymouth 
( Wearit ( and Chokes, Morganite 
R Rk Switche variou Tag Strips 
R Pa Toggle Switche I ispeakers 
\ Holder ¢ Il2v and 24 Bulbs, etc 
Wi aler rplus a Ww at a fra f new 
pric ‘ plete availa J j Surplus 
Supp 4a Sydney S Brigt Sussex 
W 1941 





ILLUSTRATED CATALOGUE No. 13. Conta 

ing over 450 items of Government Surplus an 

Model Radio Control Equipment 2s. 2d. Refunded 
on purchase of goods 2s. 6d. overseas seamai 
Arthur Sallss Radio Control Ltd., Dept. EE, 9 
North Road, Brighton. W 33 
MAGSLIPS, SELSYNS and many other item 
connected with automatic and remote contr 

mechanisms are marketed by Servo & Electron 
Sales Ltd. Brochure available on request. See 
our display advertisement on p. 122 W 202 
MULTI-WINDING MACHINE in full working 
order recently serviced by manufacturer's engineer 


Must sell as workshop a urgently required 
Bargain £395. Box W 1915 
PANL, recognized for many years as the unique 


one-coat black crackle finish. Brush applied, 1 


baking. Available by post in 1/8th pint cans a 
3s. 6d. from G. A. Miller, 255 Nether Street 
London, N 3 W 327 
PORTAWAY Earthing System for Electrica! 
Safety. Extensively chosen by those who “‘know’’ 
Good delivery. Write for new brochure, price 
list, etc., Portaway. North Park Road, Harro 
gate. Phone 3853 W 312 


SCRAP THERMOPLASTIC Nylon Polyethylene 
3 


Michael S. Stevens Ltd., 





etc fers everywhere 

Keswick Road Works, London, S.W.15. W 2601 
BUSINESS OPPORTUNITIES 

MANLFAC rt RERS AND INVENTORS. If you 


nave a pr if ersal app al new in its 
conceptior practic sl ir approach, and require 
capital plus the know-how of marketing, pleas 
contact th sdvertiser immediately giving ful 
detai But please do not do so unless your 
prod jea is needed by the masses and ha 
dist t " ippeal 30x 2h 


PATENTS 


WELL-KNOWN FIRM of Precision Engineers 
and Instrument Makers (London area) are desir- 





ous 7 entering imto a Licence Agreement or 
purchasing outright, Patents relating to electrica 
and/or mechanical devices of a Precision Instru 


ment character, or of a consumer goods nature 
Adequate capital and production facilities are 
availabie to develop, produce and market suitable 
devices. Communications should be addressed, in 
the first instance. to Major S. F. M. Neill, Louis 
Newmark, Ltd., Croydon. Surrey W 2172 











For the 
Advancement of 
Electrical 
Science 


ELECTRICAL ENERGY is a monthly 
technical journa! for electrical 
engineers having a scientific turn of 
mind. Its articles are designed to 
bridge the gulf between research and 
the practical application of the 
knowledge so gained to industry. 
Bringing up-to-date information 
about new theories, methods and 
materials, it is of inestimable value 
to electrical designers. 


Annual subscription £1 . 16 . 0d 
Single copies 3s. 0d. 


Order from your newsagent or direct 
from— 


MORGAN BROTHERS 
( Publishers ) LTD., 
28 Essex St., Strand, London, W.C.2 
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PERFORMANCE ASSURANCE WITH 


Model 1071K Double Beam Kit Oscilloscope 


Price £69.0.0 


“ie 


JANUARY 









COSSOR 


PRINTED CIRCUITS 





oo 


AN INSTRUMENT RANGE 
IN KIT FORM 


ey 


Q. Why has Cossor Instruments decided upon ) 
this innovation? { 
A. To make available a range of first-class : 
measuring instruments at a_ considerable ; 


Saving in cost to the Buyer. 


Are Kit instruments inferior in performance to 
their Factory-built equivalents ? 


Qa. 


A. Certainly not. If assembled and wired ' 
exactly in accordance with the Manual of 7 
Instructions. 
. re . 
4 4 


Q. A certain skill must, surely, be required to 





t > x : build these instruments? p ‘ 
& & uf Wwe 
f a id a A. None beyond the ability to use a small 
aw . P 
‘ soldering iron. fe 
Q. How can a performance specification be main- 
pad tained without setting up with test equipment? 
snd F OSRy ° : 
A, Largely by the use of PRINTED CIRCUITS 
niall which allow no interference with the layout 
? . of critical parts of the circuit. 
Pt: F 





many Kit instruments are at present 


Q. How 
available? 

A. Three. Two Oscilloscopes, a Single-Beam 
and a Double-Beam, and a Valve Voltmeter. 


Others will follow shortly. 





? 


Q. Could I have more information on_ these 


interesting instruments? 


A. With the greatest of pleasure 


COSSOR iwsrruments viwirep 


e Instrument Company of the Cossor Group 


f 


Purchase Faciliti 


Terms on Appl 
Just write to 








] j 


HIGHBURY GROVE LONDON, N.5 


Telegrams : Cossor, Norphone, London Cossor, London 


COSSOR HOUSE 
“ Cables: 


Telephone: CAN 
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ELECTRONIC COMPUTERS 
FERRANTI LIMITED 
West Gorton, Manchester, 12 


requires 


ELECTRONIC ENGINEERS 
& PHYSICISTS 


Although Graduates are preferred for these appoint- 
ments, consideration will be given to other applicants 
provided they are able tc show from past experience 
their capabilities for work in this field. 


These vacancies are of a particularly interesting nature 
as the successful applicants will work in conjunction 
with experienced computer engineers on advanced 
circuit techniques in the main Computer Development 


Laboratory where they will have ample opportunity of 
up-to-date knowledge of 


acquiring a wide and 
Computer work 


The Company operates a Staff Pension Scheme and an 
Assurance Scheme for Dependants. 


Forms of application can be obtained from T. J. LUNT, 


Staff Manager, Ferranti Limited, Hollinwood, Lancs. 


Please quote reference GGS. 


SLID AAAS LAD IAA AAAS A OFFA OIA SS LAST 


TECHNICAL ASSISTANTS 


m 
ELECTRONICS & MECHANICAL ENGINEERING 
‘ENGLISH ELECTRIC’ 
STAFFORD 
The staffing of our new Mechanical Engineering Laboratory provides an 
unusual opportunity for young men wishing to pursue a career in 
Development Engineering. 
This Laboratory is newly equipped with tensile, compression and 
torsional testing machines as well as vibration test equipment. It is 
intended that Technical Assistants will have responsibility for the 
operation and maintenance of these sets as well as playing an active 
part, as members of a team, in the objective work of the Laboratory 
which will include general mechanical testing and instrumentation work 
There is also an opening for an Assistant capable of operating and 
maintaining electronic test equipment. He should be familiar with 
Cathode Ray Oscilloscopes, signal generators, amplifier and transducers. 
Initiative and ingenuity in using this equipment will also be expected 
These are staff positions and after the normal qualifying period, wil! 
carry eligibility for the Staff Pension Scheme. 
Please write giving full details of age, experience and qualifications to 
Central Personnel Re tiy Marconi House, 336/7 Strand, London, W.-C .2 
quoting Ref. EE 1295D. 


LLL LA LADD DAA ALD DD AAD A DA LAA EOLA AAAI SLD LD LS 


LSS LL LILI SL IIL LILI III IAS SD SA OF DSN 
LASS SSS SLL LILIAN OID OOD OOCS 








AUTOMATIC TELEPHONE & ELECTRIC COMPANY, LTD., 
SCHOOL OF ELECTRONICS 


Applications are invited for the following appointme nis in 
the school of electronics of the Automatic Telephone & 
Electric Company Limited, Liverpool. 

Senior Lecturer—One Post Lecturer—Two Posts 

The work is post-graduate in nature, and involves lecturing on moder 
electronic technique as applied to communication engineering 

Candidates should possess an honours degree in either :— 

(a) Electrical Engineering with Electronics or Telecommunications 

(6) Physics, with Electronics and/or Mathematics 

Salaries will be in accordance with the Burnham Technical scale 


Persons appointed will be required to join the Company's superannuat:or 
scheme. Assistance can be given with housing in suitable cases 


{pplication forms and details may be obtained from 
The Personnel Manager, 
Automatic Telephone & Electric Co. Ltd., 
Strowger Works, Liverpool, 











ar | 
ae dt? 


ei 


 Co9e (4/72) 


Jl Vo sin (wer x)+ Voc. 
iy 


The computer:will deal with this easily, 
but it won't solve your staff problems. - 
Take ‘a classified 


advertisement in 


Electronic Engineering 
and solve your problems 





Write fer ORDER FORM and rates to :— 


Electronic Engineering 


Advertisement Department 28, Essex Street, Strand, London, W.C.2. Tel: 


CENtral 6565 
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IMPORTANT OPPORTUNITIES 


in the Industry with an assured future 


Semiconductors limited 


require the following technical personnel 





for transistor manufacture 


Semiconductors Limited, the new Plessey-Philco enterprise, is shortly 

commencing manufacture of germanium and silicon transistors at 

their new Swindon, Wilts. factory. Generous salaries will be paid and 

prospects are excellent. Housing can be made available to selected 

applicants and an excellent pension/insurance scheme is in operation 
Qualifications expected of the Engineering personnel 

are high and should include either a University degree or 

Corporate Membership of the Engineering Institutions together with 


a number of years’ experience in related fields. 


* Chemists and Chemical Engineers 


To take part in the set-up and contro! of automatic electro-chemical processes 
used in production of germanium and silicon transistors, and to be responsible for 
routine tests, analyses, and chemical preparations. 

Experience in semiconductor development is desirable but not essential and a good 


knowledge of industrial or development chemical processes would be required 


* Mechanical Engineers 


be responsible for the functioning of automatic and manual equipment used io 
I 
production of germanium and silicon transistors. Experience of 


elicate optical and electro-mechanical control methods would be an advantage 


* Electronic Engineers 


Senior positio eguiring either experienced electronic engineers or physicists 
with electronic background, and involving responsibility for the functioning of 
all electronic and clectrical control equipment used in transistor manufacture 

Experience semiconductor development is desirable 


* Technologists 


\ number of qualified Technicians will also be required to assist tne engineers 


appointed to the above positions. Any experience in semiconductor or valve manufacture 
sould be an advantage, and they must in all cases have had previous experience 
appropriate to the type of work in which they will be employed 


Applications in writing, which will be treated in the strictest confidence, should be made to 


th PERSONNEL MANAGER 
Semiconductors limited Vicarage Lane - Ilford - Essex 
RT RS NY A A ES EE TE Be SSS SS SN 
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INVESTMENT COMPANY 


with substantial cash resources is interested in 
acquiring, for cash or shares (quoted), the share 
capital or controlling interest of established 
businesses with profits of £10,000/£50,000 per 
annum; preferably where continuity of manage- 
ment personnel is available. Replies will be 
treated in strict confidence. 


Box No. 700, Dorland Advertising Ltd., 
18-20, Regent Street, S.W.|. 











THE GENERAL ELECTRIC 
COMPANY LIMITED 
WITTON, BIRMINGHAM, 6. 


requires 
\ young engineer for work on the design and 
development of industrial electronc gear and 
magnetic amplifiers. 


\ degree or a Higher Nat onal Certificate is 
essential, and some general electr'cal engineering 
experience would be an advantage. 

Please apply with full particulars to the 


STAFF MANAGER 














FERRANTI LIMITED 


Wythenshawe 
MANCHESTER 


have vacancies in the Laboratories for 


DEVELOPMENT ENGINEERS 


to work on the design and development of electro- 
mechanical instruments for use in Guided Weapons. 


\pplicants should be of at least H.N.C. standard 


and although previous experience of this type of 


work is not essential, preference will be given to 
hose who have a sound knowledge of gyroscopic 


techniaues. 


Ihe jcboratories are housed in a modern building 
which is situated in pleasant surroundings on the 


Cheshire boundary. The Company has a Staff 


Pension Scheme and an Assurance Scheme for 
Dependants. 


The commencing salary will depend on qualifica- 
tions and experience. 
Forms of application can be obtained from 


I. J. Lunt, Staff Manager, 
Ferranti Ltd., Hollinwood, Lancs. 


Please quote reference DBE. 








CINEMA LALA maa 


The following Staff are required to assist in an 

increasing programme of engineering and manu- 

facture of high-grade television equipment for 
Broadcast and Laboratory Application. 








Excellent opportunities exist for men with the right ability 
and experience 





| PROJECT ENGINEERS 


to be responsible for the engineering development 
and production of television and allied equipment 
which would include some progressing and the 
supervision of some technical staff. Applicants 
required to possess qualifications to H.N.C. or 
equivalent standard (suitable practical experience 
considered in lieu). 








TECHNICAL ASSISTANTS 


preferably with test experience, conversant with the 
use of Laboratory Test Equipment, required to work 
with minimum supervision. 





5-DAY WEEK. PENSION SCHEME. GOOD 
CANTEEN. I MIN. BUS AND RAIL SERVICES 


Write, giving particulars of age, experience and salary 


required to: CINEMA-TELEVISION LIMITED, 
Worsley Bridge Road, Lower Sydenham, S.E.26 


RICTLe TELEVISION LTD 














COTTAGE LABORATORIES 
LIMITED 


has a number of vacancies for 
SCIENTIFIC and ENGINEERING 
APPOINTMENTS 
at both SENIOR and JUNIOR levels 


to undertake original development work on a range of 
extremely interesting projects in the field of 


ELECTRONICS 


The Posts vacant include several of considerable responsi- 
bility for which adequate technical qualifications backed by 
substantial specialised experience will be required. In some 
cases, a knowledge of modern transistor techniques will be 
an advantage. 


Excellent opportunities for progressive positions in an 
expanding organisation are available to those with real 
ability and initiative, and attractive salaries commensurate 
with the duties and responsibilities involved will be offered 
to successful applicants. The posts will be pensionable 
after a period of satisfactory service. 

The Laboratories are fully provided with up-to-date 
equipment and are well served by public transport. Five- 
day week with good holidays, sick pay, first-class canteen, 
sports club and generous recreational facilities. 

Candidates must be of British nationality and should apply, 
in writing, to the 


CHIEF ENGINEER, COTTAGE LABORATORIES LTD., 
Portsmouth Road, Cobham, Surrey, 
stating their age and full details of their qualifications and 
previous experience. 
All applications will be dealt with in strictest confidence. 
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Interesting jobs for young scientists 


up leaders, Postgraduates are 


; ee 
ALUFaCly C researcn JOD lo! Die i 1 Opel C Jp) ICAU 
ambitious young scientists are available in required rroup members. Groups are 
icatas lect nt ri0in \ ; 1] } ] > » ] ant j 
Hollerith electronics. Original work i small and highly spetialised. Applicants will 


encouraged. Laboratories are well-equipped appreciate the considerate employment, 
cheme, help-with housing, 


for electrome research. Salaries are excellent good. pension t 
ind prospects outstanding. Senior men will and other amenities that go with these posts. 


pe 
ritish Tabulating Machine Co. Ltd., 


Write to the Head of Research, The B 
’ WW od Road, Stevenage, islagae 


Llectronic' Research Laboratory, Gunnel 


—Hollerith electronic computers 
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SPECIAL PURPOSE 
COMPUTERS 


The Kidsgrove Works of the English Electric Company 
are considerably expanding their activities in the field 
of Special Purpose Digital Computers, and are 
building new development laboratories. pleasantly 
located on the Cheshire-Staffordshire border. There 
are a number of vacancies for Senior Engineers in the 
‘Computer team. Candidates should have had experi- 


4. 


4 


ence of logical and circuit design of computers, but 
consideration will be given to candidates having 
experience in the design of other complex pulse 
circuitry The Company operates a Staff Pension 
Scheme and unfurnished tenancies of recently built 
houses will be available for successful candidates 


immediately 


Applications giving full details of qualifications and 


experience should be made to 


Dept. C.P.S. 3367 Strand, W.C.2. 


quoting Ref. FE306D. 


LILA FAFSA LAAFAFAGAFAGAAGFFAGALERAAAGTEAGAFFAGSAGAAGALIAGAFGAGFIAGFIAGA AGA GISL GGG 


SSS SLISI ILI SFA FAL ALAA AGAGFAF ALAA FIGFAGT GF LALAFAFAFAGFAGGAFAGAAGFAAS GSS SG 


VAS SSSI SSS LAL FLA AFA AFA AFA FALAFFA FAG AGS SAGA GSAT 





FERRANTI LIMITED 


have 


| IMPORTANT VACANCIES 
in their 
| ELECTRONIC COMPUTER 
DEPARTMENT 
for 
SUPERVISING COMPUTER 
ENGINEERS 


to work on the new MERCURY computer at Harwell. 





Eneineers resident in the Oxford area or who would be 
villing to take up residence in the district are invited to 
pply for one of these appointments. An essential qualifica- 


on is a knowledge of electronics up to H.N.C. or equivalent 
tandard, whilst experience of service electronic equipment 


vould be an advantage. Experience of Electronic Com- 
puters is not however an essential requirement as successful 
candidates will be given a period of extended training in the 
Computer Laboratories. Transport will be provided where 
necessary for travelling to and from the site. (Ref. CDI.) 
Similar appointments are also pending at other locations 
both in the U.K. and Overseas and applications are invited 
from suitably qualified and experienced Engineers. (Ref. 


CD2.) 
The above appointments carry excellent salaries with the 
benefit of a Staff Pension Scheme and a Dependants’ 
Insurance Scheme. 
Forms of application can be obtained from T. J. Lunt, Staff 
Manager, Ferranti Limited, Hollinwood, Lancs. 
Please quote Ref. CD1 or CD2. 











THE WAYNE KERR LABORATORIES 


require 


ELECTRONIC ENGINEERS & DRAUGHTSMEN 


for development work in the following fields: 
ELECTRO-CHEMICAL AND ELECTRO-MECHANICAL MEASUREMENTS 

A.F., V.H.F., U.H.F. AND MICROWAVE MEASUREMENTS, 
INDUSTRIAL PROCESS CONTROL EQUIPMENT, PULSE TECHNIQUES. 


duced by The Wayne Kerr 
Laboratories are finding increasing 
outlets in a world-wide field of 
Laboratory and Industrial use 
Attractive and interesting positions 
offering scope for initiative and ability 
are available for Senior and Junior 
Development Engineers and Draughts- 
men. 
For Senior posts a minimum of 
Honours Degree Standard or equiva- 


EASUREMENTS techniques  intro- | 
| 
| 
] 
| 


lent professional qualifications is 
required, with several years’ experience 
in the development of electronic 
instruments. For Junior posts 

ualifications ranging from O.N.C. to 
a Standard are acceptable. 
Draughtsmen are required to have 
experience in the mechanical design of 
Electronic apparatus. 

All appointments are permanent, 
carry attractive salaries and qualify for 
membership of the Staff Pension Fund. 


Applications, which will be treated in strict confidence, should be addressed to.- 


be 1g a on DEVELOPMENT ENGINEER, WAYNE KERR LABORATORIES LTD., 
SYCAMORE GROVE, NEW MALDEN, SURREY. Telephone MALden 2202 








FERRANTI LIMITED, EDINBURGH 


wish to recruit an 


ELECTRONIC PLANNING ENGINEER 


whose main responsibility will be the lay-out of circuits 
designed in our Test Equipment Laboratory for a wide 
range of test equipment. Knowledge of mechanical design 
and drawing experience will be required. It is expected 
that applicants will have had experience on similar work. 


A substantial salary will be paid. Please send full details of 
experience and qualifications to the:- 
Personnel Officer, 
Ferranti Limited, Ferry Road, Edinburgh 5, 
quoting Ref. No. 23 EPE. 








ALT 








GROUP 


INSTRUMENTATION 


— APPOINTMENTS VACANT — 


In order to carry out an interesting expansion programme J. Langham 
Thompson Ltd. require further staff to increase present departments and 
to create new teams to handle a wealth of new and interesting products 
The activities of the Company encompass the following fields 


Circuit Design : Mechanical Sensing Elements : V.H.F. 


and Microwave Receiver Design : Cameras : Light 

Electro-Mechanisms : Servo Mechanisms : Data Reduction 

Systems : Te'emetry, Magnetic Amplifiers : Stabilised 
Power Supplies 

Government and Commercial projects are carried out in our works and 

laboratories situated in Stanmore (Middx), Bushey and Watford 


— PERSONNEL REQUIRED — 

SENIOR AND JUNIOR ELECTRONIC 
DEVELOPMENT ENGINEERS 
SENIOR MECHANICAL DESIGNERS 
SENIOR AND JUNIOR DRAUGHTSMEN 
TEST ENGINEERS 
SENIOR AND JUNIOR FIELD ENGINEERS 
PROTOTYPE WIREMEN AND INSTRUMENT 
MAKERS 


The posts require initiative and drive. Prospects of advancement are 
excellent. Apply in writing stating age, qualifications, experience, and 
some indication of salary expected, to the 


CHIEF ENGINEER, 2/4 Wigton Gardens, Stanmore, Middlesex 


J. LANGHAM THOMPSON LIMITED 


88 High Road, Bushey Heath, Hertfordshire 
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{ Opportunities 
for 


scientists and engineers at 


POWERS-SAMAS research establishment 


The continuing expansion of this leading Company in the accounting machine industry offers exceptional! 
opportunities for scientists and engineers to engage in the absorbing work of designing and developing 
electronic, electrical and mechanical equipment for the world market. 

The vacancies are all for permanent, pensionable staff appointments at the Research Establishment at 
Whyteleafe, Surrey. Completed in March, 1957, the Establishment is one of the finest and best-equipped in 
Britain. It isin a most pleasant country setting yet is only some 35 minutes from central London by Southern 
Region to Whyteleafe South Station. 

Generally (and subject to any specific qualifications stated below), applicants should have an engineering 
degree, H.N.C., O.N.C., or similar qualifications, and previous shop and design experience in the electronic, 
electrical or mechanical fields. A five-day week is in operation and working conditions and amenities are 
those to be expected in a modern, well-equipped research establishment. 

Applicants should send a brief description of their qualifications and experience to the Personnel Officer at 
the address shown below. 





PROJECT RESEARCH 
ENGINEERING 
+ Senior and junior research 
openings Men with previous process eng tongs: physicists to engag 
nseraant ne repens 8 Sy Telelelen s in applied research in the field 


f Data Processing. Applicants 


exist electrical and mochanionl, 


tor liaison between research, 


IMPROVEMENT 


should have a degree in electrica 





engineering or physics, or be 


design and production, 





Senior and junior mechanica Corvorate or Graduate members 
for engineers with technical the L.E.E or Associates o1 
DESIGN qualifications, and design and Graduates of the Institute of P! 
production experience Applicants for senior positions 
LOGICAL in light engineering to jo! should have some experience 
Ss Designers and DESIGN teams improving the desig in digital computing or allied fiela 
Draug n with experience and performance of the Vacancies also exist for 
in eit r the mechanical Mathematicians or others current ranges of machines Laboratory Technicians to ass! 
al and with an aptitude for logical A knowledge of mechanisn research and development 
electro field, for work or design and some knowledge lesign using modern techniques projects. Applicants should have 
design and development of f computer programming and an open enquiring mind technical qualifications or 
moder 1 punting machine or commercial accounting are essential] requirements experience in electronics or phys 
POWEPS-SAMAS A ‘ONTING WAC (NES TIrvrren. Research Establishment, Whyteleafe, Surre 
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SERVOMEX 





Servomer are always looking for people of much-above-average ability. 


The following vacancies are a selection ‘| 


ELECTRICAL ENGINEER 


In the Instrument Development Department. Design experience anda 
comprehensive grasp of principles are essential. The work will 
involve electrical and mechanical engineering applied to automatic 
control systems and electronic instruments. 


PRODUCTION ENGINEER 


To take charge of a batch production department. A detailed knowledge 
of all processes is required, an interest in the latest industrial 
and management techniques and experience of leadership. 


OPERATIONAL RESEARCH STUDENT 


For this post (reserved for a woman) a knowledge of statistical 
mathematics is needed, with a lively brain, and interest in applying 
methods of science to industrial problems. Adequate guidance will be 
provided, but much lonely work with a desk calculator is involved. 


Please write to the Managing Director 


SERVOMEX CONTROLS LIMITED, 


Crowborough Hill, Jarvis Brook, Susser. 
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FERRANTI LTD. 
West Gorton 


MANCHESTER 


Applications are invited to fill a vacancy for a 
TECHNICAL WRITER which has arisen in the 
ELECTRONIC COMPUTER DEPARTMENT, 


Candidates are required to have technical know- 
ledge of Electronics preferably to Higher -National 
Certificate standard, and some experience of 
technical writing. TRAINING will be given to 
those not having experience of digital computers 
providing they are suitably qualified. 

The appointment is of an interesting nature and 
will carry an excellent salary. The Company 
operates a Pension Scheme and a Dependants 
Insurance Scheme. 

Forms of application can be obtained from 


T. J. Lunt, Staff Manager, 
Hollinwood, Lancs. 
Please quote ref. KL. 


FERRANTI LIMITED, DUNDEE 


have the following vacancies: 


1. VALVE ENGINEERS to assist in the development 
and production of thermionic valves incorporating 
challenging new techniques. 
2. ELECTRONIC ENGINEERS for development, 
production and selling aspects of microwave com- 
ponents. 
Applicants should possess a degree or equivalent 
qualifications. The pusts offer excellent prospects in a 
modern factory in pleasant surroundings. 
Attractive salaries commensurat: with experi nce and qualifications 
will be paid. A staff sup rannution scheme is in force 
{pplications in the first instance to be made 

~Cap:.-F. Hi. M. Vaughan, R.N. (Red.), 

Ferranti Limited, Fer y Road, Edinburgh, § 
quoting Ref.: VL_D 23 




















East 3077+23 








BROOKHIRST SWITCHGEAR LIMITED 


CHESTER 


have vacancies for 


RESEARCH ENGINEERS & PHIYSICISTS 


in their Research Department 


Brookhirst, specialists in electric motor control 
systems for nearly 60 years and still leading the 
way in the control of nuclear power, chemical and 
highly mechanised industrial plant, offer oppor- 
tunities for engineers and physicists to investigate 
entirely new control techniques with special 
reference to magnetic amplifier or transistor 
circuits. Applicants should possess a Ist or 2nd 
Class Honours Degree in Electrical Engineering or 
Physics. 

Successful applicants will receive assistance towards 
the cost of removal, should this be necessary. 

The Company operates a Pension Scheme, and in 
certain cases a transfer of pension contributions 
can be effected to the scheme. 


Apply in writing, giving brief details of age, 
qualifications and experience, to the 
Personnel Officer, Brookhirst Switchgear Ltd., 
Northgate Works, CHESTER 


who will deal with the applications in complete 
confidence. 








DEVELOPMENT 
MANUFACTURE 


Transformers 


DESIGN 


Audio Frequency 
Current Limiting 
Modulation 
Magnetron 

Rectifier 

Vibrator 

Heater 

Power Packs 
Transductors 

Approved A.I.D. and A.R.B. 


WARDRAY & CO. LIMITED. 


STANLEY ROAD, LONDON, N.W.9. 
Telephone : Hendon 9666. 
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AC 
0-30 amps, Range minus 20°, 
to plus 10%, 12 volts per second 


A.C.2 MkIIB 
6-9 amps, Range minus 17.5%, to 
is 8.75%, 15 volts per second 


4.0.2 MkKIIA is identical except 
there are no meters 


Servomex Controls Limited, Crowborough Hil?, Jarvis Brook, Sussex 


Crowborough 1247. 
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EVERYTHING 


UNDER 
CONTROL 


with 
Servomex 


A.C. Voltage Stabilisers 


which could help YOUR electrical measuring gear 
to work at its best... the cost, at 5d. to 1/- per watt 
is trifling ...may we send details ’ a scribbled 


name and address on this page will suffice 


P.S.—87*,; of our orders are repeats. 


SERVOMEX 
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DENMARK .BRUEL & KJIAR DENMARK .BRUEL & KIZAR . DENMARK . BRUEL & KJIZAR . DENMARK . BROEL & KIAR . DENMARK 


BROEL & KJIAR 


Automatic Recording of Harmonics 


by means of 


A. F. RESPONSE AND SPECTRUM RECORDER 


The harmonics produced in any 
electrical or  electro-acoustical 
system may be recorded with 
this set-up. In the 
the 3321 is applied to 


the recording of harmonics pro- 


example 
shown, 


duced in a complete hearing aid 
device. The measurements are 
recorded automatically on pre- 
printed, frequency calibrated re- 
cording paper. 

An example of the 
diagram, 
from measurements during which 


frequency- 


amplitude obtained 


the sound pressure in front of 


the hearing aid was kept con- 
stant, is also shown. 

The A.F. Response and Spec- 
trum-Recorder is an extremely 
versatile instrument, which con- 
sists of the Beat Frequency 


Oscillator, Type 1014, the Audio 
Spectrometer, Type 
Recorder, 


Frequency 


2109, and the Level 








TYPE 


3321 





Type 332! 

















Type 2304: 
mechanica!ly coupled together. 
The Oscillator is equipped with 


all instruments being 


frequency modulation, the fre- 
quency and modulation swing of 
which may be varied. 

Provision is made for external 
modulation. 

Furthermore, an automatic out- 
put regulator offers the possibility 
of keeping the voltage, current or 
constant during 
the Oscilla- 


tor is used as power source. The 


sound pressure 
measurements when 
regulation speed is variable in steps. 
The Spectrometer contains 27 
one-third octave band-pass filters 
and 3 weighting networks for 
sound level measurements. 

Furthermore, it can be switched 


to have a linear frequency re- 


sponse, thus operating as an 
ordinary audio frequency ampli- 


fier or voltmeter. 


Ten different speeds for the recording paper and 9 


different speeds for the frequency sweep make possible 


a large number of combinations. 


at 


“et 


For obtaining polar 


+ 
- - e - ~ were 


(ret is, 


diagrams the Polar Diagram 


Recorder, Type 2370, can be directly attached to the 


Level Recorder. 


The instruments contained in the A.F. Response and Spectrum Recorder may be used separately or in any combination. 




















For further information concerning this and other instruments apply to: 


Adr.: NARUM, DENMARK 
SALES AND SERVICE: B & K Laboratories, 57 Union Street, LONDON 5. E. |. 


- Teleph 


NARUM 500 


Cable 


BRUKIA, COPENHAGEN 








ey? 
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Miniature * 





Crystal 
Oven 


a 


This miniature oven has been designed 
specifically for accurate temperature 
control of Ministry Style “D” 
(Cathodeon Type 2M) Crystal Units. 
It is particularly recommended where 
the requirement is for a frequency 
stability better than .0002°% over a 


wide range of ambient temperatures. 


Seesee@ ee Bees eens e eee see 88 ._..... 





Centre tapped heater for 6.3 or 12.6 volt supplies. 


Current consumption 0.73 amp. at 6.3 volt. 


Temperature differential -+-2°C within a temperature range 
75°C to 85°C. 


Temperature control within the ambient range—20°C to +70°C. 
Heating time less than 5 minutes from ambient temperature to 85°C. 


Precision bi-metallic contacts with provision for On/Off indicat- 
ing lamp. 


Low loss Mycalon base. 
Weight 1} oz. (43 grammes). 


Overall Dimensions 1}” x }}” x 2§” long (3.2 x 2.0 x 6.6 cm.). 


CATHODEON CRYSTALS LIMITED 
LINTON CAMBRIDGESHIRE 


TELEPHONE LINTON 50! (3 lines) 
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A COMPREHENSIVE RANGE OF REGULATED OPEN CHASSIS SUPPLIES 


WITH THE FOLLOWING FEATURES : - 


OMISSION OF CHOKE—resulting in ability to operate down 
to zero current with complete stability—freedom from transient 
voltage surges due to shock loading—miniaturised units. 


CONSERVATIVE RATING—ali units are guaranteed to main- 


tain stability for + 10%, mains variation. The majority will operate 
to at least —15%. 


LONG LIFE—inter Services approved paper condensers used 
throughout. Adequate derating of series valves where more than 
one is used. - ~ 


FREEDOM FROM DRIFT—exciusive use of double triode 


difference amplifiers in feedback circuit ensures long term stability. 


IMPEDANCE CONTROL—a preset potentiometer allows for 


smooth adjustment of impedance from positive to negative values. 
Can be used to offset the impedance of a series milliammeter. 





























































































































33 Mountgrove Road, Highbury, N.5. 


D.C. OUTPUT EFFECTIVE | VOLTAGE PRICE 
MODEL |—Vorrs | current | *° OUTPUTS J|pesistance| staBiLity | RIPPLE SIZE Piteeners 
M23 +150V | 0-50mA [63V2A&63VIA} <0:10 <0-02%, <ImV_ |6"x 54" « 5}’"he £30-0-0 
M23A +200V | 0-S0mA | 63V2A&63VIA}; <0-10 <0-02%, <ImV |6"x 54" x 5}"ht £30-0-0 
M33 +250V | 0-50mA [|63V2A&63VIA} <0-10 <0-02%, <ImV | 6" 54" x 53"ht £27-10-0 
M24 +150V | 0-100mA | 2x6.3V3AC.T.} <0-10 <0-02%, <ImV |7}"x6}" x 6}"ht. | £33-10-0 
- ——EEE —+ 
M24A +200V | 0-l00mA | 2x63V3ACT.} <0102 <0-02%, <ImV |73"x6}"=6}"ht. | £33-10-0 
M34 +250V | 0-100mA | 2x63V 3A <0-10 <0-02°, <ImV_ |7}" x6} x 6}"ht. | £33-10-0 
M34A +300V | 0-100mA | 2x63V 3A <0-12 <0-02% <ImV |7}" x63" x 6}"ht. | £33-10-0 
M25 +150V | 0-200mA |2x63V3AC.T.} <O1Q <0-02% <ImV | 83" 84" «53’ht. | £52-10-0 
M25A 4+200V | 0-200mA |2x63V3AC.T.) <OiL <0-02% <ImV | 8}"x84"5}"ht. | £52-10-0 
M35 +250V | 0-200mA | 26-3V 3A <0-i2 <0-02% <ImV_ |8}"=8}" x 53}"ht. | £52-10-0 
M35A +300V | 0-200mA | 2x63V 3A <0:10 <0-02%, <ImV | 8}"x8}" x 53”"ht. | £52-10-0 
M36S +250V | 0-500mA | 2x63V 5A <0-10 <0-02% <ImV | 14" 114" = 8$"ht. | £88-0-0 
M36SA | +300V | 0-500mA | 2x63V 5A <0-10 <0-02%, <ImV | 14" 114" 84"ht. | £88-0-0 
M38 +250V | 0-350mA | 2x63V 5A <0:10 <0-02%, <ImV_ | 134" x 83" x 6}"ht. | £66-0-0 
M38A +300V | 0-350mA | 2x63V 5A <0-1Q <0-02%, <ImV_ | 134" x 8}" x 6}"ht. | £66-0-0 
ALSO made and guaranteed by : 
TYPES M36/36A +250/300V at 0.5A 
M37/37A +250/300V at 1.0A 
With 19” panels for rack mounting. 
AND 
A RANGE OF TRANSISTOR STABILISED SUPPLIES 
for transistor applications. E L E CT R oO N i Cc Ss LI “4 | T ED 


Telephone: CANonbury 4581! 
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Desicninc equipment for rak assembly ? Install 
it in Imhofs standard raks. Strong and beautifully 
finished, these precision-built metal cabinets 
protect and enhance equipment, and save you all 
the trouble and expense of construction. They 
also allow for great flexibility in your production 
you can buy just as many as you want when you 
want them. Write now for catalogues and full 
details of Imhofs specialist service—it includes 
standard instrument cases, consoles, the Imlok 
make-it-yourself cabinet construction system, and 
any metal housing made to order. 





QUANTITY DELIVERY IN 7 DAYS! 


Order as you want them—delivery of any 

size or number ex stock in 7 days. Even 

sooner if really necessary! Special terms for 

quantity orders. 29 sizes with one or more 
bays give you wide choice. 





FOR CASES IT’S 





ALFRED IMHOF-LIMITED Dept Fl 112-116 New Oxford Street, London, WC1 Tel: MUSeum 7878 
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Family men, enlisting the aid of 





with ADDLIRGE or even DIDLARGE. 
Astute Buyers will, however, know that 
the name synonymous with 


Plastics is ALDRIDGE! 


ALDRIDGE is a comparatively new name in the moulded plastics field. 
It is a vigorous Company enjoying the benefits of the most modern 
factory and plant, and administered and staffed by men whose knowledge 
and experience of plastics mouldings extends back to the beginning of 
the Industry itself. ALDRIDGE make all types of thermo-setting and 
thermo-plastic mouldings for the leading names in many Industries . . . 
.. . ALDRIDGE is ready to serve YOU! 


their offspring, will probably be rewarded 








ALDRIDGE for PLASTICS mouldings 


ALDRIDGE PLASTICS LTD. 


REDHOUSE INDUSTRIAL ESTATE, AUDRIDGE, 


An A.E.I. Company TELEPHONE: ALDRIDGE 52031 (4 LINES) 


Sales Office: 155 CHARING CROSS ROAD, LONDON, W.C.2. GERrard 4820 & 8660 


A.1.D APPROVED CONTRACTORS TO H.M GOVERNMENT 





L.G Bb 


JANUARY 





1958 


21 ELECTRONIC 


ENGINEERING 





STAFFS. 


DEPARTMENTS 


Another year... 


We used this flood-lit view of our new works 
to send seasonal greetings to all our friends. 


May we now wish all readers of “Electronic 
Engineering” good fortune and a solution to 
their (electronic) production problems in 1958 ! 


BROXLEA PRODUCTS LTD. 


A.l.D. approved sub-contractors 
PARK LANE, BROXBOURNE, HERTFORDSHIRE 
"phone: Hoddesdon, 3091/2 
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Relays 
is always available for 
prompt delivery 
* 


SPECIAL TYPES CAN BE DESIGNED 
TO SUIT YOUR NEEDS 
* 
— ll technical dat 
ond illus fier 7 ele “pe omptly 
roe rwarded on request 


ELECTRO METHODS LTD. 17-41 CAXTON WAY, STEVENAGE, HERTS. Phone: STEVENAGE 780 \ 
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Mullard Instruments for the laboratory 


Transistor Tester 
L264 
The Mullard Transistor 
Tester has been devel- 
oped to provide a rapid 
means of checking gene- 
ral characteristics and 
ascertaining if a transis- 
tor has been damaged in 
circuit. Facilities . for 
measuring the important 
parameters, oc!, base- 
collector short-circuit 
current gain, as well as 
‘co’ and the collector 
turnover voltage are pro- 
vided. Although de- 
signed as a simple testing 
unit, it has an accuracy 


ot = y 


o 








io 
ys 
* 
tf 
Television Line Selector 
Dual Trace Oscilloscope L196 Regulated Voltage Unit 


Lior? 
This high grade, general 
purpose instrument incor- 
porates two identical amp- 
lifiers with sensitivities of 
20mV/cm over a bandwidth 
of 4 Mc/s. Calibration accur- 
acies are voltage + 5°, and 
time 10°. by null 
methods. The time base 
may be free running or trig- 


The L.196 enables any 
normally triggered  oscil- 
loscope to give a jitter-free 
display of one or more lines 
from a_ television video 
signal. It can be used on 
transmitter and receiver cir- 


cuits to display depth of 


modulation, d.c. levels, 
bandwidth, blanking, syn- 
chronizing pulses and for 
the examination of similar 


LIs3 
This is a general purpose 
iaboratory unit which pro- 
vides a stable low imped- 
ance d.c. supply which can 
be continuously varied be- 
tween 0 and 300V positive 
and negative at up to 
300mA. Two 4 amp a.e. 
supplies at 6.3V tapped at 
4V are also incorporated 
and an unregulated e.h.t. 


gered, and sweep speeds are 


from 0.1 us/cm to 10 ms/cm. supply of 1.2kV at 2mA. 


waveforms in detail. 


| Mullard) 
QA 


MULLARD LIMITED 








EQUIPMENT DIVISION MULLARD HOUSE 


Mull 


ed Ele 


ard 


quipment 





TORRINGTON PLACE - W.C.1 TELEPHONE LANGHAM 6633 
@ ME600 
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FALKS Lighting Engineers offer 
you the following service :— 


® Study of your particular lighting problem 


either at your works or from plans. 


®@ Recommendation of the most suitable 
method of lighting and type of lighting fitting. 


@ Preparation for your approval of lighting 


lay-out plans and estimates. 


INDUSTRIAL LIGHTING IS A MATTER FOR 
THE SPECIALIST 


7 ‘ vt , t fio ne 
Catalogues of tunesten and fluorescent lighting 


Sittings on request 
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91 FARRINGDON ROAD LONDON EC1 and branches - Telephone: HOL 7654 


London Showrooms: 20/22 Mount Street Park Lane London W1 - Telephone: MAY 5671/2 
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TRANSFORMERS ~ 


smaller in size— | . 
lighter in weight 





R120 and R130 laminated 


SETICS. 


«CF ERRANTI 



















The new range of Ferranti Resin Cast Transformers and 
Chokes has been named after this famous Scottish 
landmark which represented a remarkable advance in 
engineering design when it was constructed over 60 years 
ago. To-day, the new techniques in manufacture and 
construction of ‘C’ Core Transformers have enabled 
Ferranti Ltd. to make a significant contribution to 
Electronic Engineering. 


The Forth series components will have particular appeal 
to designers of airborne equipment since savings in weight 
and volume of up to one-third can be achieved over the 
resin cast and oil-filled units now available. Moreover, the 
quality requirements of the Joint Service Specification 
RCS.214 are met in every respect. Please write for a 
catalogue which gives full rating information. 








FERRANTI LTD - FERRY ROAD - EDINBURGH 5 
ES/T41 
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URGENT REQUIREMENTS IMMEDIATELY FROM STOCK 
BULK SUPPLIES MAXIMUM THREE WEEKS 























TROPYDUR CONDENSERS 





a 
. . . Tr) it 

‘The only condenser flattered by imitations 
Don’t let lack of condensers hold up production. PROMPT AND RELIABLE r 
DELIVERY of WIMA Tropydur Condensers will speed completion of your 7 
orders! | 3 ? 

The ideal flat-oval dimensions of these paper and foil capacitors enables them 
to be used to advantage in restricted spaces. Terminal wire points are ‘ 
completely sealed off by our special hot dip process which ensures the highest ‘ 
operational standards, and makes them particularly suitable for all tropical and ; 
export equipment. | : 
Wima Tropydur Condensers provide the finest service to the engineer today P 
and provide maximum reliability and performance. . 
1 


NEW REDUCED SIZES PARTICULARLY SUITABLE FOR PRINTED CIRCUITRY 





Capacity range SOpF to 1 mfd. Temperature Range: —20°C to + 90°C } 
Tolerance * Test Voltage: 5 seconds at three 
STANDARD 0.1 mfd. +20% times the rated voltage. 
0.1 mfd. + 10% I minute at twice the 
SPECIAL TO 4 rated voltage 














Fyll Technical Specifications and Prices from SOLE AGENTS 


w. Ss. WAYLETT & COMPANY LTD., 
EMPIRE BUILDINGS, DUKE ST. HILL, LONDON, S.E.1. Tel: HOP 5055/6 


eee ES er eee 3 ese 








; 27 ELECTRONIC ENGINEERING 
JANUARY 1958 








SOLARTRON HOME AND EXPORT PRICE LIST 


Effective from \st January, 1958 



















































DESCRIPTION TYPE PRICE 
ex works, unpacked 

Gyro Response Test Console . ; ‘ - a JY. 747 Price on application 
Servotest Console ve ie JY. 672 Price on application 
Ignition Delay Meter . : a i oa ECS. 1 £220 
Laboratory Amplifier : AWS. SIA £130 
Wide-Band Power Amplifier ; AWS. 53 £175 
Pulse Generator as OPS. 100C £130 
L.F. Decade Oscillator ms OS. 103.2 £640 
Transfer Function Analyser “ OS. 103.2/VP. 253.2 £1,300 
Regulated Power Supply , on SRS. ISIA £115 
Twin Regulated Power Supply ; i - SRS. 152 £190 
Single Regulated Power Supply ’ ; ; SRS. 152A £100 
Solartron Vari-Pack ; in SRS. 153.2 £50 
Power Supply Sub-Unit : ~ SRS. 156 £35* 
Wide-Band Attenuator, 600 Ohm ; as AT. 201 £25 
Calibrating Unit a3 AT. 203 £175 
Resolved Components Indicator - VP. 250 £475 
Feedback Voltmeter . VF. 252 £175 
Resolved Components Indicator ne VP. 253.2 £660 
High Frequency Amplifier Sig CA. 411 £70 
Square Wave Generator GO. SII £95 
Standing Wave Ratio Indicator v CA. 512 £190 
Solarscope . ‘ C2. 333.2 £220 
Power Supply Sub-Unit - AS. 516 £33" 
Power Supply Sub-Unit 7 AS. 517 gas" 
Oscillos« ope CD. 518 £225 
Direct Reading T.M.S ; BM. 519 £220 
Solarscope ’ ; CD. 52382 £265 
l.F.A. Carrier Convertor : JX. 541 £300 
Wide Range Oscillator CO. 546 £135 
Synchrotest wis JM. 555 £375 
Solarscope AD. 557 £275 
Wide-Band Attenuator, 75 Ohm CR. 561 £30 
Klystron Power Supply AS. 562 £175 
Servo Test Set JX. 563 £450 
2-Phase L.F. Oscillator , BO. 567 £195 
Oscilloscope CD. 568 £210 
Mechanical Reference Generator JX. 603 £375 
800 c/s Selective Amplifier ‘ BA. 604 £450 
Oscilloscope Probe CA. 606 £5 
Sub-Sonic Power Amplifier JX. 612 £255 
Power Supply Sub-Unit AS. 616 £180* 
Power Supply Sub-Unit AS. 619 £60* 
Computer Amplifier AA. 621.2 £50 
Computer Amplitier AA. 622.2 £60 
Carrier Convertor JX. 641 £300 
Measuring Solarscope CD. 643 £490 
Double-Beam Solarscope CD. 711 £320 
Oscilloscope CD. 715 £460 
Oscilloscope Trolley MX. 719 £25 
Crossed-Field Multiplier TA. 721 £295t 
Heater Supply Unit TS. 722.2 £24 
Ventilation Unit TX. 724 £3 
Computer Servo Multiplier TJ. 725 
Linear Computing Unit TR. 729.2 £75t 
T.F.A. Reference Resolver JX. 746 £295 
Power Supply Sub-Unit AS. 754 £60* 
Regulated Power Supply AS. 755 £135° 
100V. Reference Supply AS. 756.2 £325 
Linear Computing Unit Racking TX. 790.2 £30 
Amplifier Racking TX. 791.2 £30 
Computer Control Panel TC. 792 £60 
Computer Supply Distribution Unit TS. 793 £90 
Resistance Unit TR. 794.2 £20 
Solarscope CY). 814 £115 











te 
tom 


The prices on this list are net, ex works, unpacked ®6 discount for cash within 10 days. 


* Quantity Discounts Applicable * Provisional Price 


This cancels all previous price lists 






THE SOLARTRON ELECTRONIC GROUP LTD. 


THAMES DITION SURREY Tel.: EMBerbrook SS22 
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BARRIER TERMINAL, FANNING. AND 
sco | MARKER STRIPS 


cleat and soldered 












(c) Cable secured by crimping 


SS wg (¢) Upturned ends hold terminal 
under screws before tightening 


(b) Cable clamps available if 
required R.H. (or L.H.) as desired 


‘Standard’ series are 


available with various types CARR FASTENER COMPANY LTO 


of terminals, up to 21 way— STAPLEFORD - NOTTINGHAM 


‘Miniature’ series up to 12 way. REPRESENTATIVES: 


Insulating materials THE BENJAMIN ELECTRIC LTD 
or ‘Mikacin’ as specified. TOTTENHAM - LONDON N.17 


phenolic © 





Smee's 115 
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GIVES 


TYPREZ SURFACE 


DIAMOND COMPOUND PERFECTION 



















HYPREZ is the most up-to-date method for 
economic fine-grinding, lapping and polishing, 
of steel, stainless steel, cast iron, non-ferrous 
metals, chrome-plate, stellite, tungsten-carbide, 
boron-carbide, sapphire, quartz, ceramics, etc. 


Some typical applications: 


It has been developed to impart the very finest degree of 
surface finish to a variety of materials and is currently 
employed in the finishing of metallurgical specimens, 
plastic moulds, tungsten-carbide dies (i.e. drawing. 
extrusion, forming and cold-heading dies), cutting tools, 
die casting cavities, instrument bearings and pivots, 
etc. The hardness of the diamond particles makes it suitable 
for use on the hardest of metals, for fine grinding, lapping 
and polishing. 





METALLURGICAL SPECIMENS 





EXTRUSION DIES 





PLASTIC MOULDS 





GABRIEL’S HILL - MAIDSTONE - KENT 


Telephone: MAIDSTONE 55185/6 Telegrams & Cables: ENGIS, MAIDSTONE 
EXPORT OFFICE: 25, VICTORIA STREET, LONDON, S.W.1. Telephone: ABBey 2487-8-9 
ELECTRONIC ENGINEERING 30 JANUARY 1958 





, 


THE VALVES FOR J BAND OPERATION 
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\GLISI SHEL BeTRIC. 


— —— 





MAGNETRON TYPE M555 


‘This_is a new packaged magnetron for 


















pulse operation in J Band with a peak 
input power rating of 240 kW. Par- 
ticular care has been taken to 
produce a compact, rugged valve 


Rs\ for air-borne applications. 





THE Mss55 
can be supplied for fixed 


frequencies within the range 






14,000 to 16,500 Me's. : 
- KLYSTRON TYPE K343 


This is a low voltage reflex klystron for 

J Band operation with a minimum power 

output of 20 mW at 350 volts. The moulded 

KLYSTRON TYPE K346 base and flying leads specially commend it for 

This is generally similar to type K343 with mech- high altitude operation. It has mechanical tuning 
anical tuning from 14,500 to 17,000 Mc/s. covering the range 12,000 to 14,500 Mc/s. 


Both these klystrons, which may be used in conjunction with the M555 or in other 
J Band applications, have 30 to 80 Mc/s electronic tuning. The output connections 


are American type UG419/U feeding into No. 18 Waveguide. 





Chelmsford, England 
Telephone: Chelmsford 349] 


APPS 





ENGLISH ELECTRIC VALVE (C0. LTD. 
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FULL SIZE 


: will not change the characteristics of the 
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Me MINIATURE RUGGEDIZED REFERENCE TUBE 
) Specially constructed for military and commercial service 
where tubes are to be subjected to severe shock and 
thermal extremes, this new tube will continue to operate 
satisfactorily beyond the point which is customarily 
associated with conventional tube structures. 
BRIEF DATA 
Nom. stabilized voltage 85V Shock: 5 g continuously 
~~ Striking voltage (total darkness or light) 125V max 20 g short durations 
4 
3 | Current range S00KA to 5-OmA 750 g impact 
f| Max. Incremental! resistance <1000Q) Temperature Range: -60°cto +90°c 
\ 
For full information write to: Technical Services Dept. 
| 
t j 
| TUBE DIVISION 
t J BEESTON, NOTTINGHAM 
- ERICSSON TELEPHONES LTD., HEAD OFFICE, 22 LINCOLN’S INN FIELDS, LONDON, W.C.2. 
Originators and Sole Manufacturers of the Dekatron Cold-Cathode Scaling Tube 
582 
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With great advances being made in all branches of the 
industry, Brayhead (Ascot) Limited keep step with their 
latest contribution, the Universal Ceramic Bga Valve- 
holder and screening cans. 

This valveholder is the result of extensive research into the 





The Universal B9a Ceramic Valveholder 





requirements of the Radio and Television industry and fills a 
long felt gap for a valveholder with removable and replace- 
able contacts but which requires no wiring jig during assembly. 
The contacts can be specified in either spring quality brass, 
phosphor bronze or beryllium copper with a tinned or 
silverplate finish. They can be bent over without affecting 
contact alignment, and soldered directly on to the chassis. 
The moulding is formed of silicone treated ceramic material to 
combat moisture absorption and has very low loss properties. 
A cadmium plated saddle combines the functions of chassis 
fixing and retention of the screening can. To securely lock the 
can on the saddle, a slight twist produces a wedge action and 
eliminates all earthing noise and tendency to “rock”. 
Brayhead have also developed and are deve'oping further 
types of valveholders. Two types of screening can are 
availablein the three standard sizes and can provide maximum 
heat dissipation with the close fitting can BHS W TV 
§3 (14°), $4 (24"), and §5 (28”). Also low capacity with type 
BHS W TV 56 (1{"), §7 (24") and 58 (28”). 

Both types can be supplied in plain or matt black finish 
aluminium. For full information write or phone :— 


BRAY HEAD aascor) trp. 


FULL VIEW WORKS 


Telephone Winkfield Row 42789 


JANUARY 1958 


KENNEL RIDE 


ASCOT BERKS 


Telegrams: Brayhead, Ascot 
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r Plessey | Precision Wound Components 





Plessey produce quality wound components for Plessey Precision Components are available to 
the communications and industrial electronics designers and engineers in publication No. 920 
industries which also includes details of: 

Specialist staff and manufacturing units are Hermetically Sealed Transformers and Chokes 
engaged in the design, precision production and to American Military Specification MIL-T-27. 
testing of services type approved components, as well as to R..S. 214 issue 2, Humidity 
including for instance, oil-filled hermetically Class Hl. I.F. Transformers. Discriminator 
sealed *C’* core transformers and chokes. Coils. Miniature R.F. Encapsulated Coils. 
Information and design data on typical ranges of Filter Assemblies. Magnetic Reactors. 





loroida ( manutactured | 

Plessey inc!de windings from in 
Open type ‘°C’ Core transformer im internal finished diameter to 5 in Plessey provide a complete design 
pregnated i! olventle varnish t itside diameter wire sizes ranging and winding service for ferro ceramic 
Inter-Service Specification trom 48 





cored chokes and transformer 


COMPONENTS GROUP - COILWINDING DIVISION - THE PLESSEY COMPANY LIMITED - ILFORD - ESSEX 
Overseas Sales Organisation: Plessey International’Limited - Ilford Essex * England Telephone: Ilford 3040 


xm CCl 
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Trouble with stocks? 


Do you really feel up against it sometimes—short of a vital item 
of electrical insulation and at your wits end as to where to get it in 
time? And collecting a few brickbats from various quarters in the 
meantime no doubt. 

Somewhere, you may feel, somebody has this stock, .. . and you're 
right. It is here, in the Delanco organization waiting for you, 
because it is our business to see that it is here. It is our job to 
anticipate trends in demand and calculate with a fair degree of 
certainty what will be the current type of material on “‘Rush order”. 
As an example of our service our bonded store contains very 
considerable stocks of laminated bakelite sheet, meeting: 

B.S.668 B.S.972 B.S.1137 B.S.2076 B.S.2572 
D.E.F.5000 R.C.S. 1000 

A very wide range of such materials, tested and released with the 
appropriate certification, are available with IMMEDIATE DELIVERY. 


Anglo-American Vulcanized Fibre Co. Ltd 


CAYTON WORKS BATH STREET LONDON E.C.1. cLE 3271 Grams: PROMPSERV’ AVE, LONDON 
DELANCO WORKS LEONARD STREET LONDON E.C.2 





VULCANIZED FIBRE LAMINATED BAKELITE LEATHEROID MICA OMPOSITE INSULATION 
PRESSBOARD « PRESSPAHN OTHS, TAPES and SLEEVINGS EBONITE PRESSED, TURNED and MACHINE MPONEN 
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l-amp junction diode 
with fractional sec 





Outstanding performance in TWO functional groups 


In digital computers, square loop ferrite circuits and 
ring modulators 
The low hole storage and high current of this new 
junction diode particularly recommend it for this 
group of applications. The peak forward current ts 
lamp atlessthan | volt drop, and its hole storage speci- 
fication approaches that of a good point contact diode 
Phe OAILO can be very successfully employed as a 
coupling element in junction” transistor circuits, 
particularly for computing applications. In addition tts 
high current characteristics suit it for ferrite magnetic 
memory circuits in computing and shifting registers. 
Applied as a ring modulation diode, the sharp 
forward discontinuity and the stability of that 


characteristic are outstanding 


At 25 C At 60 ¢ 


amb amb 
temp temp 
Max. reverse voltage, d.c. Or peak (Vv) 0 0 
Max. forward current 
Peak (Susec max.) (A) | l 
Average (SOmsec averaging time) (mA) Oo 1Oo 
Average Characteristics 
Forward voltage (at O.3mA) (Vv) 0.2 0.13 
= (at LOOmA) (Vv) 0.5 0.44 
Reverse leakage current (at -20V) (4A) 1.8 10 
Hole storage recovery time* (usec) 0.35 0.35 
Capacitance (at 10V) (ph) 1.0 1.0 
* For test conditions see published data 


ELECTRONIC ENGINEERING 


In transistor 
power supplies 
The small size and low forward losses of the OA1O fit it for 


use as a general purpose mains rectifier for transistor power 


supplies. A single diode in a half-wave rectifier circuit 
will deliver up to l0OmA d.c. at 6 volts. A bridge circuit 
will deliver up to 200mA at 12 volts. 


In addition, the OAIO can be used as a non-linear 
temperature coefficient compensating device in germanium 
transistor circuits. It also finds application as a voltage 
stabiliser in its forward current direction where the voltage 
drop across it (about 0.4 volt) is relatively independent 
of current. 

* Full data on the OA10 and other diodes and Transistors in 
the Mullard range are available from the address below 


Mullard Limited, 
Mullard House, 
Torrington Place, 
London, W.C.1 


Mullard 


COMMUNICATIONS AND 
INDUSTRIAL VALVE DEPARTMENT 





* MVT 326 
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IMPROVE YOUR GAIN 


with 








4 





TRADE MARK 


~ WELL 
TESTED. 2 


by providin WELL 
il . TRIED... 
easy alignment bie Ld 


TRUSTED 





and subsequent 


Dealer maintenance 





®@ Full technical details and specifications gladly sent on application. 


Cyldon products have an enviable reputation for long life and reliability. 
They save time in assembling and testing, and after-service work is reduced 
to a minimum. 

We will be pleased to help you with your radio and electronic problems. 
Our comprehensive resources and specialised experience are at your disposal. 


\— > ‘@ 23.6 2 Ga Fe - FG. oD 


AND SONS LTD. 





Contractors to Ministry of Supply, Post Office, and other H.M. Government Depts 


Address for enquiries and sales correspondence :— 
London Sales & Technical Liaison Office, 3} Palace Mansions, Palace Gardens, Enfield, Middiesex 
Telephone Enfield 8571-3 Telegrams Capacity-Enfiel 
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20th CENTURY’S TYPE SSAG 


20th Century introduce the first of a 
new series of precision tubes employing 
helical P.D.A. systems. The tubes make 
possible a real advance in oscillographic 
techniques. The S5AG, available for early 
delivery, is designed to give the highest 
deflection sensitivity and minimum scan 


listortion together with small spot size. 





MANUFACTURERS OF PRECISION 
CATHODE RAY TUBES AND 
RADIATION COUNTER TUBES 


ENGINEERING 8 
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AJ 
Screens: YY) 
"¥ 

The *G’ screen is a medium 
persistence green phosphor. 


can be supplied on request. 


Other tupes 














CHARACTERISTICS 
Type 


Heater Volts 


A; typical 
Ag typical 
Sensitivities at x 
VA, IO kV VA; 2kV Y 


Useful screen area 


Base 





SSAG 
6.3 
2 kV 
8 kV 


30 Vicm 
8 V/cm 


IixScm 


BI4A 














JANI 


ARY 1958 





Talo Mm aloh’, ami melasm-jiac) ol (—> Gay 


electronics 
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Simp lox 















This is the tuner which has become an over- 





night success with large and small manufacturers the world 






SPECIAL FEATURES 






over. And no wonder! It can be produced to suit the exact 


rewdriver 





requirements of any circuit . . . it is completely inter- 






changeable with all other makes of tuners... streamlined 






to offer an unparalleled degree of efficiency in every set... 






and still undergoing day by day improvement both in 






mechanical and circuit layout. Yes, all these advantages— 






and still no increase in cost! If you haven't yet examined the 






full technical specification, write for information today. But 





first take a look at these outstanding features. isa ge ree 
BRAYHEAD ? , | ps a | 
ASCOT) LTD ot aarti 

a nbensate for varying aerial 


FULL VIEW WORKS, KENNEL RIDE, ASCOT, BERKS 
Winkfield 427/8/9. Brayhead, Ascot 









Telegrams : 





Telephone: 
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Universal Oscillograph 
Recording Camera 


For use with any standard oscillo- 
scope. Type M731 for 35 or 70 mm. 
film cr paper. Stills, continuous- 


feed to 100 inch/sec., and drum to 





1200 inch/sec. F = 3-inch f/1.9 lens 


4 copy of our Type 731 Camera Brochure will be gladly / 
sent, on request. 





Proprietor : SOUTHERN INSTRUMENTS LTD. 
CAMBERLEY - SURREY 
Telephone No : Cemberley 2230 (3 lines) 

Telegraphic Address : Minrak, Camberley, Surrey 





all 
) 
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ASK 
YOURSELF. 


HOW LONG 


does it take? 


HOW MUCH 


does it cost? 
to produce an experimental chassis 


If you don’t already know, please 
spare a while to find out. 


Then, when you are horrified by 
the answers, spare a little more 
time 


to 


investigate 


LEKTROKIT 


LEKTROKIT 














THE VERSATILE ELECTRONIC CONSTRUCTION SYSTEM 


Avoid the delays of layout, drawing 


Keep the work in the Laboratory under 


Designed for almost unlimited 


and metal fabrication. the designers’ control. 
Modifications to design cause no 

problems. expansion. 

Saves Time. Saves Money. 


Write or ’Phone for Full Details to :— 
BYFLEET 441! 


ALL-POWER TRANSFORMERS LTD. 


CHERTSEY ROAD, BYFLEET, SURREY. 
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~ New value 
in valveholders 


A ceramic valveholder with its many inherent 
advantages, costing no more than the ordinary moulded 
varieties — this is the latest news from Plessey at Towcester. 


This superior product employs high-grade, low-loss 





ceramic body material and has a pin-to-pin 

capacity of less than 0.5 pf. 

Design Engineers, manufacturers and others 

interested in this cost-cutting, performance-improving 
development, should request a copy of Plessey 

Data Sheet No. 6062 which contains comprehensive data. 


Parameters 


Equivalent Resistance at 20 Mc. between 2 adjacent contact 
Not less than 3 megohms 

Insulation resistance 
Greater than 20 x 10'? ohms 





Voltage Breakdown 
Greater than 3.5 Kv pin-to-pin and pin-to-earth 
Contact Resistance 
Less than 4 milliohms 
Contact Material: 
Spring quality Brass — Silver Plated 





Plessey | 


CHEMICAL & METALLURGICAL DIVISION . COMPONENTS GROUP 
THE PLESSEY COMPANY LIMITED - WOOD BURCOTE WAY - TOWCESTER - NORTHANTS . TEL: TOWCESTER 312 


3040 


Overseas Sales Organisation: PLESSEY INTERNATIONAL LIMITED ILFORD ESSEX ENGLAND TELEPHONE FORD 
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Putting two and two together and making five ! At least, that’s how it appears when you 
consider the saving in time and cost by changing over to tapping screws. 
Without doubt, the tapping screw does display a number of very definite advantages over the 
conventional machine screw. It obviates the use of nuts. With its self-locating point, 
it forms its own thread and eliminates a separate and expensive tapping operation. 
It makes for easier assembly, is stronger, cheaper and faster. And when used in conjunction 
with the Phillips recessed head, designed for power driving without damage to either 
work or worker, it is obviously safer. Putting two and two 
together, the tapping screw simply ensures a better job. 
Why not change over to tapping screws and prove it for yourself? 


° 
Lianread tapping screws for economy and safety 





LINREAD LTD. COX ST. BIRMINGHAM 3 


SLOTTED AND PHILLIPS RECESSED HEAD MACHINE SCREWS AND TAPPING SCREWS © HIGH TENSILE HEXAGON HEAD BOLTS AND SETSCREWS 
AIRCRAFT BOLTS, SCREWS AND RIVETS . SEMS e RIVNUTS e CUSTOM DESIGNED COLD FORGED FASTENERS © ALEX SCREWPLUGS. 
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An extremely 
versatile generator 
for time-domain 
measurements ~ 








‘GENERAL RADIO’ TYPE I391-A 


== PULSE, SWEEP AND 
TIME-DELAY GENERATOR 


The new Type 1391-A Pulse, Sweep and Time-Delay 


Generator performs, individually and in combination, 3 INSTRUMENTS IN 1 





all the functions described by its title and performs 
them all well; its excellent performance results from a 
minimum number of compromises in design. Its wide 
ranges and complete flexibility of circuit inter- 


PULSE GENERATOR SWEEP GENERATOR 
TIME-DELAY GENERATOR 


connection make ita highly satisfactory pulse generator This is truly a complete Time-Domain Measuring 
for laboratories engaged in time-domain measure- Instrument, giving the best performance obtainable 
ments and waveform synthesis with ultra-modern techniques plus the finest obtainable 


materials and components, backed by over forty vears 
manufacturing experience. A very well thought-out 
design, developed over several years, provides the pulse 
specialist with the equipment he has long been seeking 
SUPERIOR PULSE CHARACTERISTICS: 


The transition times of the output pulses are com- 
patible with most present-day oscilloscopes. The 
internal sweep circuit makes it possible to deflect an 
inexpensive oscilloscope by direct connection to the 
deflecting plates, to monitor the output pulse 





Excellent Rise and Decay Times: 0-025 0-01 usec 
Among its many applications are measurement and No Duty-Ratio or Frequency Restrictions on the Pulse 
testing in the fields of: HIGH BASIC TIMING ACCURACY: 
Echo ranging Computers Timing Scales are Linearly Calibrated, and accurate 
Radio navigation Telemetering tol 
ie Television Physiological research WIDE RANGES OF: 
DESCRIPTION The Pulse, Sweep and Time-Delay PULSE DURATION: 0:05 usec 1-1 sec. 
Generator consists of the following major circuit PULSE REPETITION RATE: 0-250 ke. 
groups: (1) input synchronizing circuits, (2) delay and TINE DELAY: 1 psec 1-1 se 
coincidence circuits, (3) sweep circuits, and (4) pulse- DELAY REPETITION RATE: 0-400 k« 
timing and pulse-forming circuits. l OUTPUT IMPEDANCE: 0-600 ohms. 


This is a large instrument, and it is supplied complete with its necessary power supply 


bs (not illustrated), arranged at choice for bench or rack operation. The Generator proper has 
thirty-six vacuum tubes. Considering its flexibility and completeness the price is reasonable 
—£1.047 net delivered (U.K. only). For complete data see the 13-Page article in ‘‘GENERAI 
al RADIO EXPERIMENTER” for May 1956, (Vol. 30, No. 12) or request the latest ‘‘G.R.’’ Catalogue ‘0’ 


ety Send your written application to our nearest address, please. 


Slaude Lyons Mt. 


76 OLDHALL STREET - LIVERPOOL @ VALLEY WORKS - HODDESDON .-. HERTS 


— Telephone: Central 4641 /2 Telephone: Hoddesdon 3007 (4 lines) 
PLUGS. 
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POLAR TRIMMERS - 


Vane and Tubular types 





For radio, T.V., telecommunication work, Type C.3201 





and, in fact, all applications where small 4.5 p.f. & 10 pf. 
size, low loss and maximum stability are 
essential this range of POLAR miniature 
condensers meets most requirements. 
Type S.5001 /2 


The base of vane type condensers is of 
low loss ceramic. Vane assemblies can be ‘ 

silver plated brass, soldered throughout, —_— 
or alternatively, vanes may be aluminium 
securely fixed to brass shaft and stem. 
Both rotor contact and stator tag are silver Type S.5011/3 
plated. Insulation resistance is better than | p.f. to 13 pf. 
1,000 meghoms at §00 volts D.C. Power 
factor is not greater than .oo1 at 1 Mc/s. 
Two types of tubular trimmer are available. 
Sso using P.T.F.E. as a dielectric and 

$55, for panel mounting, using 

glass bonded mica. 

Type SS5o is made in two sizes having 
capacities from 0.7pF—4.OpFs. 

and 1 pF—13pFs. respectively. 

Type S5§ is made in one size only, with 

a capacity from IpF to 1ropFs. Power 
factor is not greater than .oo1 at 1 Mc/s 
and the insulation resistance is not 

less than 1,000 megohms at §00 volts D.C. 


7 p.f to 4 pf. 








Type S.5511 
I p.f. to 10 p.f. 


Type C.3111 
19.5 pf. & 33 pf. 








WINGROVE & ROGERS LTD. 


HEAD OFFICE: Domville Road, Old Swan, Liverpool, 13. Phone: Stoneycroft 2265. Grams & Cables: Components Liverpool 


LONDON OFFICE: Broadway Court, Broadway, London, S.W.1. Phone: ABBey 2272. 
wr.2i 
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GERMANIUM JUNCTION RECTIFIERS 
— finned bridge units 
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RATINGS FOR INDUCTIVE AND RESISTIVE LOADS 
































A.C. INPUT D.C. OUTPUT OVERALL 
TYPE max. r.m.s. max. voltage | max. current | LENGTH 
volts volts amperes inches 
GA3I-A 140 125 2-0 at 40°C 34 
w | GA4I-A 53 47 | 2-0 at 60°C ' 
< | GASI-A 210 187 2:0 at 40°C 35 
z GA6I-A 106 94 2:0 at 60°C 34 
4 | GA52-A 340 303 2:0 at 40°C 5 
The well-known range of | 9 | GA62-A 170 15! 2:0 at 60°C 5 
BTH germanium junction | % | GAS53-A 510 455 2:0 at 40°C } 
rectifiers is now available GA63-A — _ 202 OC | 
made up into convenient | & | GB3I-A 140 188 3-0 at 35°C 4 
. ee Se < | GB4I-A 53 7I 3-0 at 55°C 4 
bridge units ready for in- |Z] Gasi-p 210 283 3-0 at 35°C 43 
corporation in your equip- | ui | GB6I-A 106 143 3-0 at 55°C 4 
Ww 
ment. = | GB52-A 340 458 3-0 at 35°C 63 
- | GB62-A 170 229 3-0 at 55°C 63 








BRITISH THOMSON-HOUSTON 


THE BRITISH THOMSON-HOUSTON CO., LTD., RUGBY ENGLAND 
on A.E,!, Company A 5184 
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»- there isa 
“Belling-Lee” component 
that will meet your most 
exacting requirements and 
your most urgent demand. 


BELLING ¢ LEE LTD 


GREAT CAMBRIDGE ROAD, ENFIELD, MIDDX., ENGLAND 





Telephone: Enfield 3322 -- Telegrams: Radiobel, Enfield 


ELECTRONIC COMPONENTS 
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INCREMENTAL INDUCTANCE BRIDGE 

















Designed to measure the value of iron cored chokes and similar 


inductors in the range 0-0/H to 1000H of Q value not less than 2. 


Provision is made for passing any current up to | Amp d.c. through 
the winding and selectable a.c. excitation voltages of |, 2, 5, 10 


and 20V r.m.s. are provided. 


Full technical information is available on request. 





it 
st 


id A COMPANY WITHIN THE RANK ORGANISATION LIMITED 


CINEMA 











d WORSLEY BRIDGE ROAD -: LONDON . $.E.26 
“ HITHER GREEN 4600 


SALES AND SERVICING AGENTS 
Hawnt & Co. Led., 59 Moor Se., Birmingham, 4 
D Atkins, Robertson & Whiteford Ltd., Industrial Estate, Thornliebank, Glasgow 


McKellen Automation Lrd., 122 Seymour Grove, Old Trafford, Manchester, 16 


eld 
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A THOUSAND 
MEGACYCLES! 


“ The probe unit used for a.c. measurements 
houses a disc-seal diode rectifier whose resonant 
frequency of 3,000 Mc s, low inter-electrode 

capacitance and short transit time make 


possible a frequency range extending 


to no less than 1,000 Mc's.’ 


HERE does our young friend get all his 
information about Marconi instruments” 

He certainly knows all about our new TF 1041A 
He knows that, in addition to its unequalled per- 
formance in -a.c. measurements, it measures 
balanced or unbalanced d.c. voltages and a wide 
range of resistance values. He knows that it has 
a large mirror-scale meter for fast, precise reading. 
He knows that there are three optional accessories 
for extending the a.c. and d.c. ranges and for 
making measurements on coaxial lines. In short, 
there’s nothing about the TF 1041A that he 


doesn't: know. THE NEW MARCONI ; 
Infuriating, isn’t he? Sull, there's no reason why VACUUM TUBE VOLTMETER Type TF I04IA Z 
you shouldn't be just as well-informed. All the facts 0 Aisaeetinest: Rane 0650s Mb vole. orto 
about this Marconi instrument are given in our 2kV using multiplier. Frequency Response: + 0°2 
salle 2 ’ fig igy ‘ dB from $0 c's to 450 Mc's, —1 dB at 20c/s, + 2dB 
leaflet JI13. a you'd like a copy, you have only at 1000 Mc/s. Input Impedance: 5 MQ at 1 ke/s witt 
to ask. That’s the way to get information about IS uuF in shunt 
any Marconi instrument. Just ask. oes D.C. Measurement: Range: 0°02 to 1000 volts, or t 
cc Tae 30 kV using multiplier Input Resistance: 40 MQ 
R \ nent Range: O02 o0hmto 500M 
& 


Inst 


RUMENTS 





MARCONI! INSTRUMENTS LTD ST. ALBANS : HERTFORDSHIRE - TELEPHONE: ST. ALBANS S616! 
London and the Soutl Marcani House, Strand, London, W.C.2 Tel: COVent Garden 1234 
Ml Marconi House, 24 The Parade, Leamington Spa. Tel: 1408 Norti 30 Albion Street, Kingston-upon-Hull. Tel: Hull Central 16347 
WORLD-WIDE REPRESENTATION 





TC 113 


ELECTRONIC ENGINEERING 50 JANUARY 








1958 














Punch Press Piercing Speed 
—no set-up—no layout 


British-buiit WIEDEMANN 


Turret Punch Presses 






Start saving now by the Wiedemann method. 
From 12 to 32 interchangeable punches and dies 
can be readily mounted in the turret and the 
required punch instantly indexed to the working 
position. Punches of any shape or size can be 
supplied. There’s a complete range of machines 

hand as well as power—to 
cover all piercing requirements 


up to 160,000 Ib. Hole location 





Send now for details 
of the WIEDEMANN method — 
graph table, or direct measure- 


ill —ti f your own . 
or better still—time studies of yo ment from gauge table. 


by simple ‘pip’ method, panto- 


piercing jobs 













DOWDING & DOLL LTD 


346 KENSINGTON HIGH STREET, LONDON, W.14 


Telephone WESTERN 8077 (8 lines) Telegrams ACCURATOOL HAMMER LONDON 
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Putting 
5 and5 
together 


These In-Line Connectors are specially suitable 
for plug-in unit construction or small rack 
mounting equipment. 

Well proven plug and socket contacts are used 
and exceptional freedom in dimensional toler- 
ances of fixings etc. has been provided for. 

5 and 7 Way versions are available and the 
Connectors can either be mounted direct to the 
panel where clearance is provided for contacts 
or mounted on stand-off pillars. 

Location is provided by guide pins which are 
polarised to prevent incorrect insertion. 








A.!.D & A_R_B 
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ELEGTRONIG 
COMPONENTS 


We produce a comprehensive range 
of high-quality Electronic Components. 
Consult our catalogue for your requirements. 
Our “By Return” Service will ensure 
immediate despatch of your orders. 








—) 





ss 
af Radiospares Ltd. 
ZG 4-8 MAPLE STREET - LONDON - W.I + ENGLAND 
Telephone: EUSton 7232-7 | 


Telegrams: RADOSPERES, WESDO, LONDON Cabdies: RADOSPERES, LONDON 
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| . your Catalogue each month: 
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NEW. 


relay 


This relay is of compact design and extremely small 

for the duty it performs, the contact arrangement is 

&. three pole double throw and connections to contact and coil 
are conveniently brought out at one end of the relay. 

Contacts and terminations are housed in a high grade Bakelite mould- 

ail ing and the design of the moulding gives increased creepage path and excellent 
insulation. Guards are fitted to avoid flashover between contacts. 



















Maximum Working Voltage: 440 volts A.C. Series 325 Relay. The only difference is that this is 
50 cycles. a D.C. Relay and the maximum working voltage 
V.A. Rating: 5 V.A. is 250 volts D.C. 

Contacts rated up to 10 amperes at 250 volts Wattage: 2 watts. 

A.C. or 30 volts D.C. Peary rated up to 10 amperes at 250 volts 





or 30 volts D.C. 


_ Magnetic ¢ Devices 


MAGNETIC DEVICES LIMITED, EXNING ROAD, NEWMARKET, SUFFOLK 
Telephone: Newmarket 3181/2/3 Grams: Magnetic Newmarket 





AID, AND ARB. APPROVED VLCES Teo. 
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LEU serves industry 





The widest range of F.H.P. Motors 
for servo applications 


Available from: } watt miniature AC motors weighing a few ounces 


to 100 watt DC Splitfield motors weighing 10} Ib. 


HIGH EFFICIENCY * HIGH STARTING TORQUE 
HIGH ACCELERATION LOW INERTIA 


A CHOICE FROM 35 DIFFERENT RANGES 
Send now for Publication EO 301 which gives full details 


INSTRUMENTS DIVISION 


EVERSHED & VIGNOLES LIMITED 





JANUARY 


1958 


ACTON LANE - CHISWICK + LONDON, W.4. 
Telephone Chiswick 3670 Telegroms & Cabies Megger, London, Telex 
7/$2 
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NEW... 
COMPACT... 


relay 


This relay is of compact design and extremely small 

for the duty it performs, the contact arrangement is 

’ three pole double throw and connections to contact and coil 
- ; are conveniently brought out at one end of the relay. 

id Contacts and terminations are housed in a high grade Bakelite mould- 

ing and the design of the moulding gives increased creepage path and excellent 
insulation. Guards are fitted to avoid flashover between contacts. 





































Maximum Working Voltage: 440 volts A.C. Series 325 Relay. The only difference is that this is 
50 evcles. a D.C. Relay and the maximum working voltage 
V.A. Rating: 5 V.A. is 250 volts D.C. 
Contacts rated up to 10 amperes at 250 volts Wattage: 2 watts 
A.C. or 30 volts D.C. Contacts rated up to 10 amperes at 250 volts 








A.C. or 30 volts D.C. 


lagnetic Devices 


ALD. AND ARB. appRroveo AL “"H” ED. 
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MAGNETIC DEVICES LIMITED, EXNING ROAD, NEWMARKET, SUFFOLK 
Telephone: Newmarket 3181/2/3 Grams: Magnetic Newmarket 
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ALILIZZ serves industry 





The widest range of F.H.P. Motors 
for servo applications 


Available from: } watt miniature AC motors weighing a few ounces 
to 100 watt DC Splitfield motors weighing 10} Ib. 


HIGH EFFICIENCY « HIGH STARTING TORQUE 
HIGH ACCELERATION LOW INERTIA 
A CHOICE FROM 35 DIFFERENT RANGES 


Send now for Publication EO 301 which gives full details 


INSTRUMENTS DIVISION 


EVERSHED & VIGNOLES LIMITED 
ACTON LANE - CHISWICK + LONDON, W4. 


Telephone : Chiswick 3670 Telegrams & Cables Megger, London, Telex 
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Problems of size, weight, heat 
dissipation and power consump- 
tion disappear when computers 
utilise transistors. The illustra- 
tion shows part of a computer 
digit card carrying over 60 surface 
barrier transistors in an area of 
6 x 5°. The power consumption of 
the 1240 surface barrier transistors 
used in the whole computer amounts 
to only 5} watts supplied from a 
3 volt battery. The high-frequency 
surface barrier transistors to be manu- 
factured by Semiconductors Limited 
are the most advanced types in the field. 
The electro-chemical techniques used 
in manufacture allow close control of 
important parameters, and guarantee 
a life far exceeding that of thermionic 
valves. Resistance to shock and 
vibration is exceptional. 


TRANSISTORS TO 
SAMPLES AVAILABLE NOW 


Prior to full production, transistors 
identical with those to be manu- 
factured are being imported from 

the U.S.A. Sample quantities 
are available now for Sterling. 





Semiconductors 
SURFACE BARRIER TRANSISTORS 


Types SB101, SB102 and SB103 are germanium surface barrier 
transistors intended for general purpose high frequency 
applications for use as RF, IF and video amplifiers, converters, 
oscillators and in switching circuits. 

Type 2N240 is a surface barrier transistor designed specifically 
for high speed switching applications. Controlled saturation 
characteristics guarantee ideal performance in directly-coupled 
circuits, and combined with excellent high frequency response, 
allow this type of transistor to switch at rates as high as 20 Mc/s. 

Application notes covering the use of the 2N240 in high 
speed directly-coupled circuits are available on request. 


SOLVE COMPUTER PROBLEMS 


Engineers and Senior Executives are invited to write for details 
of technical literature on Surface Barrier and all other types of 
Semiconductors Limited transistors. 


COLLECTOR CHARACTERISTICS IN THE SATURATION REGION 
2N240 TRANSISTOR 


2 
(—) Ve (VOLTS) 


Semiconductors limited 


ELECTRONIC ENGINEERING 


VICARAGE LANE 
Telephone: ILFORD 3040 


ILFORD . ESSEX 
Telegrams: SEMICON ILFORD 
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“TRUARC” 


Regd. Trade Mark 
























The logical advance 












































When it’s a question of assembling components in 
any engineering field. Salter Retainers are the answer. 
They replace nuts and bolts, screws, cotter pins, and 
eliminate expensive threading and machining 


operations. A large standard range is at your imme- 
diate disposal, and we should welcome the opportunity 
to assist in developing special retainers to solve your 
problems. 





Geo. Salter & Co. Ltd., West Bromwich 


Spring Specialists since 1760 
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industrial laminates! 
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Phe various plasties enterprises of Thomas De La Rue & Co, Lid. pve 
v 2 r 
have become so important that a separate Company has now been seats 
ta}. 38) 
formed todirect them. Andthat Company is called FORMICA LIMITED, sieesd 
Asa result the electrical and industrial laminates hitherto sold as ones 
Gas; 
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“DELARON’ and the engraving material “Traflolyte’, will be known 
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collectively as FORMICA industrial laminates. The name is an Bee 
e « 
as 
honourable one. and easy to remember. The products will go on Ptr 
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trom strength to strength. 
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Indeed. when a plastic S product is branded “ FORMICA’. be it flat 
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or tubular, rigid on pliable, vou ll know it’s the best of its kind 


: 


in the world. 


FORMICA’ industrial laminates 


paper-based. fabric-based, glass-based (and copper-clad) 
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FORMICA LTD, DEPT D115, DE LA RUF Hotst REGENT STREET, LONDON W 
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GOODMANS VG.108 VIBRATION GENERATOR 
designed and produced entirely by British Enterprise 
the first such equipment available from British sources 
with peak thrust capabilities over one ton. The VG.10s 
is suitable for vibration testing complete assemblies 

of moderate mass to current test specifications, with 
reserves, in thrust and frequency characteristics, 
adequate to cope with future extensions of test 
techniques. Random and environmental waveforms 
can be applied to the VG.108 














MODEL VG. 108 


a Peak thrust ....... up to 3,000 Ib ‘| _ 
. . yu" » Frequency range... up to | kc/s . 
> : ‘ - \ \ - 


is 


7 \ 
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f 4 
i . 
Ps k 
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| <a MODEL VG. 109 
\ \ ( Standard design ) 
\ Peak thrust ..... up to 10,000 Ib 
\ Frequency range ...up to | kc/s 






ENQUIRY FORM™ 





E is0~ 


= — wad TO GOODMANS INDUSTRIES, LIMITED 
MS_\— \ = AXIOM WORKS * LANCELOT RD. * WEMBLEY * MIDDX 
- 4 ENGLAND 
We are interested in the following:— 
The only European Vibration Generator 
uitable for work on large complete units, senaeeniecaains cat 
CO) JDM ANS \ G 109 provides peak Equipment to vibrate load of .-- 1D 
thrusts of S000 Ib up to 500 ¢ s. As with at z( in) c/s to c/s 


the VG.108, this Generator is suitable 
for use with random or environmental 
wavelorms. For special. purpose 
applications, this model may be suitably 
moditied : 


’ 


Suitable driving equipment 


Other items 


A vibration system for the duty of 





Name 


Company 


1 
WM) Address 
»M WORK 














TT CT ; ; AXI¢ WEMBLEY - MIDDX - ENGLAND 
GOODMANS INDUSTRIES, LIMITED | Fetes WEMbicy 1200 (8 lines) Please mark details required E/19 
GD.19 
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The Austinlite marginal relay 


Here is one of the most sensitive instruments of its kind 
on the market. Its performance is due largely to the 
powerful heavy duty Alcomax magnet which ensures 
positive contact. Made to an exacting specification, this 
high-torque moving coil relay will respond to changes of 

1 per cent in AC or DC voltage or current, and is adjustable 


between +1 per cent and + 10 per cent. 


This relay was developed for use in Austinlite Control 
Cubicles, as supplied to the G.P.O. and other telephone 


authorities throughout the world. 
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c7tustinlite 


ELECTRICAL EQUIPMENT 


Tailor-made by 


STONE-CHANGCE LTD. 


(Makers of Sumo Pumps and 


Stone-Chance Lighthouses 


CRAWLEY, SUSSEX. 
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When you're dreaming up plans to increase production it’s time to wake up to AZOFLEX. It’s the 
only process to apply a controlled quantity of developer, thus ensuring optimum quality at all 
running speeds—-and it’s the only daylight reflex copying process. There are no dangerous 
chemicals and because no ducting is necessary to take away offensive fumes, machines are freely 
movable from place to place. Exposing, developing 
and print delivery are completely synchronised and 
Output is virtually as fast as the operator. In plain 
language the AZOFLEX MODEL 42 63 can produce more 
than one hundred 20° « 30” prints an hour at a lower 


cost per print than you ever dreamed. 


AZOFLEX MODEL 42 635 MARK Il 

Synchronised printing and developing machine. Capacity : 
cut sheets and rolls up to 42 in. wide. Printing speed: 
from 6 in. to 154 ft. per minute. Dimensions: Height 
SO in., width 71 in., depth 52 in. with delivery tray 
extended. Weight: approximately 850 Ib. 
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"| ILFORD 


Enquiries to: 


Telephone: HOLborn 3401 








MACHINES AND MATERIALS FOR DRAWING OFFICE PHOTOPRINTING 
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\lford Limited, Azoflex Dept. AZ13G 
104 High Holborn, London, W.C.! 
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Low power isolator L250 
The X-band isolator L2¢0 is a non-reciprocal waveguic 
ponent having an insertion k in the direction of propa 


less than 1.0dB and a reverse loss of greater than 20dB at the 


frequency The bandwidth is such that over ara e ol 
centred on 9375 Mc/s the reverse loss is greater than 1 cdl 

the insertion loss remains less than 1.0dB. The device depe 

its action on the non reciprocity exhibited by ferrite mate: it 
microwave frequencies. This property is due to the ; ot 
gyromagnetic resonance he device will find applicatio 1 the 
fields of radar, communications and micr« Wave Wwestivath in the 


laboratory. 








a 

. . of 

High power isolator L251 o- 
| 

This is a non reciprocal waveguide | os 

8, 

component having an insertion loss n. 

in the direction of propagation of less e 

than 1.0dB and a reverse loss of IS 

) | r- 

greater than 2odB at the centre or 

frequency. The bandwidth is such ¢. 

that over a range of tg00 Mc/s n 

centred on 9000 Mc/s the reverse & 

loss Is greater than 1cdB while the | or 

insertion loss remains less than ] 1- 


1.0dB. Primarily intended for high 
power radar applications, this X-band 


isolator provide sa usetul ancillary to 


—<“aToa< 


microwave laboratory equipment 
















it 
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| . 
1 
Design features 4 
. . . . . / 
| Mull ard Low attenuation in the direction of propagation. | 
| Permanently magnetised. 
: SEL N ' 
SPECIALISED ELECTRONIC Preset centre frequency. 
EQUIPMENT 
Good bandwidth and matching characteristics. 
: SA 
MULLARD LIMITED 
t EQUIPMENT LLARD HOUSE - TORRINGTON PLACE - W.C.1 - TELEPHONE: LANGHAM 6635 
6l ELECTRONIC ENGINEERING 
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TINY 
UNIFORM 


TOROIDS 
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ON THE FASTEST MACHINE IN THE WORLD 


roe BOESCH 


MODEL SM. SUB-MINIATURE TOROIDAL 


COIL WINDER WIRE GAUGES AS SMALL AS 48 S.W. G. 


> 
WS 

























PAH 
MWA 


— 
Ooo 


DEVONSHIRE 


These tiny lightweight bantam coils are the solution 
to space and weight problems . ... and the sub- 
miniature BOESCH winds them automatically, quickly 
and uniformly in every respect. Speed is continuously 
variable from 0 to 800 turns per minute and wire 
sizes as fine as 48 S.W.G. can be wound with ease. 
Sizes range from jj," |.D. to 
}" O.D. 

Equipment includes revers- 
ing mechanism, wire spacing 
and core rotation direction 
controls, tension device and 
automatic linear counter, to 
mention just a few. 





WRITE FOR DETAILS TO DEPT. E.E.2 


HOUSE - VICARAGE CRESCENT + LONDON :- S.W.1!1 + BATTERSEA 5549 
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Polytetrafluoroethylene 


Polytetrafluoroethylene, renowned for its wide working 
temperature range of at least‘minus 80°C to + 250°C and its 
virtual immunity from chemical attack, is also the best of the 























solid dielectrics. It-has a very low permittivity and power ~a 
factor both of which are independent of frequency and tem- ne 
perature. It is also a good electrical insulator particularly so “ 
because it is non-tracking, is not wetted by water and ch 
does not absorb water. It is non-inflammable, has excellent ie 
weathering characteristics and its tough flexible nature is tf 
retainea down to very low temperatures. It is also remark- 2 
able for its very low coefficient of friction and the fact that o- 
few materials will stick to it. my 
In addition to granular polymer ‘Fluon’ is now available “ 
as a paste polymer and as an aqueous dispersion. Paste is 
polymer has been developed especially for extrusion and for ~ 
the first time in this country the raw materials are now avail- « 
able to produce a complete range of covered wire, cables and ig 
sleevings to meet the needs of the electronic engineer. The e 
general purpose dispersion can be used for casting film, of iy 
particular importance in the manufacture of high tempera- 1s 
ture condensers, for impregnation of glassfibre yarn, tape . 
and fabric and for preparing filled moulding powders. - 
Special dispersions are also available for spray coating of it 
metals, glass, ceramics, and other surfaces to provide low 5 
friction, non-stick and non-wetting coatings. - 
e 
iS 
. 
Fl th tered trad k for t : 
won’ is the registered trade mark for the 
| 
: i 
| IC! IMPERIAL CHEMICAL INDUSTRIES LIMITED * LONDON © S.W.1 t 
i 
t 
; t 
PF.33 | 
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days as an economic means of providing communication over inhospitable or 


ideveloped terrain. Today, such is the flexibility and reliability of multichannel radio 
equipment, that radio links carrying up to 600 telephone channels or a colour television 
programme are recognised as being preferable to that of line or cable systems in 


ny instances on grounds of performance as well as installation cost. 
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COMPLETE COMMUNICATION 
SYSTEMS — all the world over 
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MARCONPS & A.T.E. Co-operation between Marconi’s and Automatic Telephone and ie 
Electric Co. Ltd., now brings together an unrivalled wealth of knowledge and experience for 
the benefit of all whose work lies in the field of telecommunications - 


The Lifeline of Communication is in experienced hands 


¢e MARCONI 


“©. Complete Communication Systems 









Serevra<< Ts F 


-—— 


~ AMARCONI'S WIRELESS TELEGRAPH COMPANY LIMITED, CHELMSFORD, ESSEX 
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D.C. AMPLIFIER 


mo Georg Simon 


MICROVOLTMETER 
Cat. No. 1341/1135! 


A very sensitive d.c. ampli- 
fier with 4 sensitivity ranges comprising a galvanometer 
modulator, converting d.c. to a.c., followed by an a.c. ampli- 
fier and phase sensitive rectifier which drives a robust panel 
meter and supplies a maximum output of | mA for 100 LV 

yput for external recorders, controllers or relays 


Never allowed his attention 














to rohm; 
















Thus, high-minded persistance 
THERMOCOUPLE 
TEST SET 


Cat. No. 7556 


Discovered the Law of Resistance! 


A potentiometer, wheat- 
stone bridge, galvanometer 
ind potential source with 
series resistance all forming 
one compact, portable unit. 


There’s the recipe for success for 
you! No women, no drink, no 
telly—and a touch of genius! 








Fortunately, because of the help 





that they get from instruments, 
modern scientists can lead a 
normal life and make discoveries 
of importance. Well up among 
the instruments that help them 


are Pye Scientific Instruments. 














































These craftsman-built instru- 





ments are designed by men who 






know and appreciate the prob- 
‘MODEL «:S”’ 


POTENTIOMETER — of research worker and 
Cat. No. 7554 engineer alike—which is why the 
A new students’ Georg Ohms of today get their 


potentiometer 
which has wide 
applications in 


simple ao Please address complaints about this advertisement or 
metri sroviem 
- eee requests for information on Pye Chemical or Physical 


Instrumentation to :— 


Scenic) (AinsrRUMENTS 


instruments from W. G. Pye. 











W.G. PVE & co. LTD., GRANTA WORKS, NEWMARKET ROAD, CAMBRIDGE 


Telephone : Cambridge 54411. Telegrams : Pye-Cambridge 
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NAGARD MODEL DT 103 
















High Sensitivity Two Channel D.C, 


OSCILLOSCOPE 


Facilities for 
single shot or 
continuous film 





recording 


' A new type of doublé giin CRT with negligible distortion 
gives accurate alignment of the two traces in any position 
in both axes. On the X axis a direct reading time base with 
continuously variable sweep speeds calibrated within 2%, 
covers a wide range from 20 seconds to 200 secs. per 
10 cms. Sweep expansion may be applied to either one or 
both beams for examining waveform details. Reliable and 
sensitive triggering from 50 mV upwards. External beam 
brightening for photography. 


Two identical Y amplifiers each with a gain of 100,000. 
Bandwidth —D.C. to 100 Kc/s( — 3dB)—Risetime 2.5 psecs. 
Balanced high discrimination inputs—low noise and grid 
current. 





Y SENSITIVITY 250 pV per cm. 


Voltage measuring facilities by simple direct method 
within 5% accuracy. Lissajous displays with equal X-Y 
conditions. 


Ideal fur ELECTRO-PHYSIOLOGY, VIBRATION 
STUDY, SERVO MECHANISM DEVELOPMENT, 
VERSATILE AND ACCURATE FOR THE MODERN 
LABORATORY. Used by the leading Universities, 
Aircraft firms and many Government laboratories. 








; 





Right : 20 uh R.M.S Sinewave 
one trace expanded—showing 
noise level at maximum gain 





Ask for Data Sheet 


NACAR 


mee 
BELMONT - SURREY 
- ViGilant 916! 2 


18 AVENUE ROAD 


SSSSRSSRSEEEREEEEERSEESEEKE TT Tee eeeeee 


NOW AVAILABLE WITH THE 
NEW TROLLEY MOUNTING, 
which provides means for attachment of associated gear, and 


adjustable viewing angle. 


Illustrated attachments are:—Model 2701 High Discrimination Pre- 
Amplifier providing up to 10,000 : 1—-adjustable to suit input conditions. 


Model 2502 Electrometer Stage providing 10,000 megohms input 
resistance. 


Writing Desk attachment with storage for small accessories. 


Single Shot or Continuous Film Cameras are available, the trolley being 
arranged to facilitate their attachment and storage. 
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Digital counting techniques are be- 
ing increasingly applied to frequency 
measurement, high-speed precision 
timing, tachometry, pulse genera- 


tion, batch counting and nucleonic 
SA.20 FREQUENCY METER 
& UNIVERSAL COUNTER)! 
TIMER: Incorporates 4 decade 
itluminated presentation, accu- 

racy of + | count + 0.005%, 
operation, and with unique benefits ; com ache Ge anon 
from 10 to 100,000 per sec 
SA.21. 10 c/s to | Me/s sine 
wave and pulse: 6 decades: 
accuracy + | count, stability 
1 part in 10° 


pulse counting—with great advan- 


tages in simplicity and ease of 


in accuracy and reliability 








SA.28 FREQUENCY 
METER: 10 c/s to 30 Mc/s. 
Designed for swift and accu- 
rate measurement of frequen- 
cies by unskilled personnel. 
Also available in one unit with 
the RA.49 Droitwich Re- 
ceiver. 








SA.43/4 and SA.52 FRE- 
QUENCY METERS: Re- 
liable and robust digital coun- 
ters designed to count and 
display with accuracy the rate 
of input of pulses, up to 
100,000 per second. 

Designed to measure fre- 
quencies from 10 c/s to | Mc/s 
with an accuracy of + | count 
+ | part in 10*, che SA.52 also 
measures time intervals from 
3u secs. to | second. 











SA.45 MICROSECOND CHRONO- 
METER 
SA.46 DIGITAL DELAY GENERATOR 
The SA.45 measures time intervals from 3 
microseconds to | second with an accuracy of 
+ | microsecond. Longer time intervals can 
be measured on the standard equipment and, 
by the addition of a mechanical counter the 
display can be extended by as many as four 
additional digits The SA.46 enerates 
precision Pa between an uabaaie or unstabilised supplies at 6.3 volts 
internally applied pulse and an output | A.C. are available. The positive 
put pulse H.T. output may be varied 


in the range 3u secs. to | sec herwene 195 and 225 wales 


U.1S6 STABILISED 
POWER UNIT. Designed to 
fill a long-felc need for an 
efficient cheap unit which can 
be built in to experimental or 
production equipments. Suffi- 
cient positive and negative H.T 
‘is provided whilst additional 











SHAFT SPEED TRANS- 
DUCERS: Tachometer Gene- 
rator Type MA 38 operates the 
Frequency Meters SA.20 and 
SA 2! indicates shaft speeds 
from 100 to 20,000 r.p.m. Where 
the torque available is insuffi- 
cient to drive the MA.38 a 
photo-electric probe unit MA.SI 
can be supplied 





DIGITAL 
PLUG-IN 
UNITS: 
The range 
of fourteen 
individual 
standard 
digital plug- 
in units de- 
veloped by 
Racal avail- 
able ex-stock as decimal and 
binary counting units, indi- 
cating units, dividers, scalers, 
totalisers, gate control units, 
amplifying and shaping units, 
trigger units, pulse invertor 
units and cathode follower 
units. 














We shall be happy to advise on the application of digital counting techniques and equipment to specific 
requirements, and, if necessary, to undertake the production of special equipment. 
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The overall performance of long distance radio 
link telegraph systems can, in many cases, be 
greatly improved by the introduction of Siemens 
Ediswan Frequency Modulated Voice Frequency 
Telegraph Equipment on the land line circuits 
feeding remotely located radio transmitters or 
receivers. This equipment provides six channels, 
five of which will each handle telegraph traffic at 
speeds up to 280 bauds and one for medium speed 
traffic up to 140 bauds. 

Developed by Cable & Wireless, this telegraph 


system is now in extensive use by the British Post 





Office and various overseas administrations. which provides 12 channels for handling telegraph 
The equipment is completely self contained and traffic at speeds of up to 140 bauds. 
includes full testing facilities for lining up and The F.M.V.F.T. equipment may be used on any 
routine maintenance. The equipment practice 4-wire circuit capable of transmitting the band 
employed facilitates removal of individual units. 300 C/s to 3400 cs, 
As an alternative, equipment can be supplied Further information will gladly be sent on request. 


the frontiers of telecommunications 





SIEMENS EDISON SWAN LTD 


Telecommunications Transmission Division, Woolwich, London SEI8, England 
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AUTOMATIC VOLTAGE @ 





5 kVA Type P857 


Stabilised A.C. Output 
Voltage: 


Accuracy: 
Input Voltage Variation: 


Maximum Continuous 
Load Current: 


Control: 


External Automatic 


Control: 


oa = 
= = 
ie 
= 
oy 


details of 


these 





REGULATORS 


750 VA Type P88! 


Stabilised A.C. Output 
Voltage: 


Accuracy: 


Input Voltage Variation: 


Maximum Continuous 
Load Current: 


Control: 


External Automatic 
Control: 


The stabilised A.C. Output 


Voltage may be adjusted to any 
value between 210 and 240 
volts 
The Output Voltage 
trolled: within 7%. 
' 
The output remains constant 
over an input range of 50 volts 


is con- 


22 amps 


Either Automatic, Manual or 
from an external D.C. source 


The control voltage may be 
either positive or negative 
relative to earth. The control 
current required is approxi 
mately 1.7 mA 


or any other Airmec 


struments will be forwarded gladly on request. 


AIRMEC uimitep 


WYCOMBE, 


HIGH 


Tei 


ELECTRONIC 





High Wye« 


BUCKINGHAMSHIRE, 


mbe 2060 Cable Airmec, High Wycomb 
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stabilised A.C. Output 
Voltage may be adjusted to any 
value between 195 and 260 
volts. 

The Output Voltage is. con- 
trolled within —1°.. 

The output remains constant 
over an input range of 80 volts. 


3.2 amps. 


Either Automatic, Manual or 
from an external D.C. source. 


The control voltage may be 
positive or negative 


eitner 
relative to earth. The control 
current required is approxi- 


mately 1.5 mA. 
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TRANSISTOR OCI6 


Dissipation 
14 watts at 45% 


INDUSTRIAL APPLICATIONS FEATURES 

This high output germanium junc- Peak current 3 amps. 

tion P.N.P. power transistor is being Maximum mean current 1.5 amps i 
used to great advantage in the with good current linearity 


following applications: 


Maximum continuous junction tem- 
Class A and B audio 


perature 75 C. Up to 90°C for 
intermittent operation (total 





Amplification 


Aircraft Passenger Address duration 200 hours max.). 
Syste 
iaues A pair of OCI6’s operating in Class 


D.C. Convertors B push-pull will provide an output 








Power Amplifiers for Servo Motors in excess of 10 watts into loud- 

Power for Relay Operation. speakers with 12 volts ““H.T.”’ Half actual size 

DATA SK power vissipation 
Characteristics (measured at 25 C ambient) heen tsnianes seein 


of 45°C can be allowed when the OC/6 is 


Collector reverse leakage current, 
bolted to a large but practical heat sink. The 


grounded DOSE. oc ccesesspcccnqecovenes <100uA accompanying table shows allowable dissi- 
Current amplification pations with different heat sinks. In all cases 


the transistor is mounted directly on toa plate 


at Ic 30mA see rtteeeeeeeeees . 40 with a thin tin-plated lead washer 

at Ic 300mA ° eeee ° 35 When electrical insulating mica washers are ‘ 
at Ic 2A ‘ odeesescabonesesenes a - ae used, the dissipation is somewhat reduced 

at Ic 3A Py ee 16 Full data is available 
















































i TA i PRR 
AMBIENT DISSIPATION DISSIPATION DISSIPATION DISSIPATION 
TEMP WITH INFINITE WITH LARGE WITH | sa. fe WITH SMALL ae MULLARD LIMITED 
(TO GIVE HEAT SINK, METAL PLATE METAL PLATE METAL PLATE sullara MULLARD HOUSE 
75°C e.g. WATER Cc PER W 2C PER W (4 in. x 7 in.) TORRINGTON PLACE 
JUNCTION COOLED THERMAL THERMAL 55°C PER W 
TEMP.) RESISTANCE RESISTANCE THERMAL LONDON W.C.1 
RESISTANCE 
25° 45W 24W 16W 7.6W , | , 
35°C 36W?t 19Ww 13W 6.1W } 
4s‘C 27W?t 14w 9.7W 4.6W COMMUNICATIONS AND : 
INDUSTRIAL VALVE DEPARTMENT § a 
55 C¢ 18Ww 95W 6.5W 3.0W 
Continuo dissipation values ex r 4W are esent ‘ 7 by w vort rrent ratings a 
giv th 
 MVT 329a 
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Commentary 


HE figures, so far as they are available, show that 1957 

has been another year of considerable prosperity for 
this country’s manufacturing industries, and the electronic 
industry has joined in this prosperity to the full. This is 
shown in the production and, particularly, export figures, 
which in most spheres of the industry are at record levels. 
For the first ten months of the year the total exports of 
all radio and electronic equipment were valued at £36°2M 
against £32-8M for the same period of the previous year, 
so that for the complete year this should give a total of 
some £43M against the record of £40M achieved in 1956. 
The growth of interest in British electronic equipment has 
also been evidenced by the large attendances at the various 
exhibitions held throughout the year, and here one may re- 
mark on the success of the first Instruments, Electronics 
and Automation Exhibition which provided the industry 
with an excellent opportunity to show some of the more 
serious sides of its activities. 

From the scientific aspect it has, perhaps, been a year 
of consolidation and solid progress rather than of specta- 
cular discovery or invention; though it must always be 
borne in mind that the full import of a discovery or inven- 
tion is seldom realized until some considerable time after 
its inception. 

In the manufacturing industries the use of electronic de- 
vices has continued to grow rapidly and in many industries 
the use of various forms of electronic equipment is com- 
pletely accepted as a means for measuring and controlling 
both the quality and quantity of production. Progress has 
also been made in the electronic control of machine tools 
and during the year several new forms of control element 
have made their appearance. In the past the electronic 
control has usually been added to existing designs of 
machine tool but milling machines, etc. designed speci- 
fically for electronic control are now in production. 

Although considerable research on new switching and 
memory elements is still proceeding the basic design of the 
digital and analogue computer is fairly well established and 
the main emphasis is now towards the useful and profit- 
able application of these machines and their integration 
into complete systems. In the commercial world, payroll 
accounting is still the most profitable application for the 
digital machine and a number of the larger firms are now 
making use of them. As for example, the Ford Motor 
Company who are using LEO | for computing the payroll 
for their 19000 employees. The G.P.O. has also ordered 
two National Elliot ‘405° computers to handle the payroll 
accounting for some 112 000 employees while similar instal- 
lations are being made by several town and county 
councils. The scientific use of both analogue and digital 
machines has also continued to expand and installations 
have been made for such diverse applications as weather 
forecasting, biophysical research and wind tunnel data pro- 
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cessing. The weakest part of a computer installation is, in 
general, the input and output which is usually slow com- 
pared with the speed of the machine itself. To overcome 
this and thus increase the range of application of the com- 
puter considerable work has been done; notable examples 
being the Solartron ‘Electronic Reading Automaton’ which 
will ‘read’ printed or typewritten characters at a speed of 
120 characters/second, and the Powers-Samas ‘Samstronic’ 
tabulator which is capable of printing characters at a speed 
of 700 characters/second. 

The entertainment side of the industry has also had a 
most successful year. Compared with 1956 the total sa..s of 
radio receivers has risen by about 20 per cent radio gramo- 
phone and audio equipment by 26 per cent and television 
receivers by 2 per cent. The sales of radio receivers has, 
no doubt, been stimulated by the introduction of f.m. 
broadcasting, while the small increase in the sales of tele- 
vision receivers is probably due to the fact that this is 
rapidly becoming a replacement only market. The ever- 
increasing popularity of recorded music is, however, rather 
more difficult to account for but is probably due, in part, 
to the very high standard of recording and reproduction 
that is now offered. One of the most notable events during 
the year has of course been the 2Ist birthday of the BBC 
television service; a service which now caters for 98 per 
cent of the country’s population. With the virtual com- 
pletion of their Band I programme the BBC is now actively 
pursuing the possibilities of colour with test transmissions 
in Band I and are also carrying out a series of tests in 
Band 5. On the manufacturing side the year has seen con- 
siderable progress in the introduction of transistors and 
printed circuits into domestic equipment; the latter may 
make for cheaper and more foolproof production but it 
may also present a somewhat formidable problem to the 
service engineer. 

In the purely scientific sphere radio astronomy has un- 
doubtedly taken the year’s honours with the opening of 
the large steerable radio telescope at Jodrell Bank and the 
Mullard Observatory at Cambridge. Both of these events 
have been closely linked to the launching of the Russian 
earth satellites which has, without doubt, been the most out- 
standing scientific achievement of the year. Unfortunately 
little is yet known of the electronic equipment carried by 
these satellites but, from the evidence available, it would 
appear that the Russians are not so advanced as ourselves 
in this branch of science. But then, until the launchings 
took place, nobody, and most of all the Americans, would 
have conceded that the Russians had such a clear lead 
over the rest of the world in rocket propulsion 

From the foregoing brief résumé of the past year it 
may fairly be concluded that it has been a successful and 
prosperous one for our industry but that however great 
ones progress may be it does not pay to be complacent 
about ones achievements 
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Special Timing Techniques 
Employed on Guided Missile Ranges 


By R. J. Garvey*, B.Sc.(Eng.) 


A central equipment consisting essentially of a crystal oscillator and a number of frequency divid- 

ing circuits provides timing and reference signals to the various measuring stations dispersed over 

a guided missile test range. The signals serve as time markers for the various recordings made and 
. are also concerned with the control and firing of the missile. 


A general description of the timer is given including the method of transmitting the timing pulses 


to the remote stations. One of the timer signals is 


coded so that elapsed time, with respect to an 


arbitrary zero, can be continuously marked on long runs of recording film. 
Two equipments associated with the timer are concerned with the automatic control of the ground 
nstrumentation during the launching and flight of the missile and with the control of a number 
of cine-theodolites. These w ill be dest ribed in later articles. 


N flight testing guided missiles, performance data is re- 
| a number of stations dispersed over the range 
while other stations are concerned with the control of the 
missile and associated equipment both before and during 
the flight. In general terms the instrumentation consists of 


corded at 


Air to ground telemetry 
R idar 


R.F. doppler system 
I 


trackers 


C ine-theodolites 


( ine-cameras. 

Guidance and control system 

Firing circuits 
the measurements and control must be made with reference 
to an and common time timer 
iccordingly supplies timing pulses to each station as shown 
ty Fig. |. This timer has two functions; it provides time 
nakers for the various recording instruments and switching 
pulses which 


iccurate scale; a central 


operate both recording and control instru- 
ments at specific times during a shoot. 

Time markers are fed direct to the various recording 
stations, but switching pulses are supplied via a * programme 
switch This unit employs uniselector 
switches which are stepped by a Ip/s signal from the timer; 
these switch the various range instruments on and off auto 
matically during a shoot, according to a pre-arranged pro- 


gramme set up for the particular missile. 


as shown on Fig. 1. 


A clock in the range control room is driven by the timer; 
this counts off the seconds during a shoot, the times being 
announced at suitable intervals over the range communica- 
tion loudspeakers by the control officer. 

Cine-theodolites are used on the range to determine the 
trajectory and velocity of the missile. The cine mechanisms 
are triggered by timing pulses which are fed via a cine- 
theodolite controller. This controller phases the pulses from 
the timer so that the shutters of all the cine-theodolites 
operate in synchronism and at a regular rate. 

Each flight test involves the subsequent analysis of many 
long runs of recording film. Normal time markers on the 
long records are not practical since it would be necessarv 
to count 100 or | OOOp/s marks along the edge of the film 
over lengths of several hundred feet, in some cases, in order 
to relate the recorded events to the zero mark at the begin- 
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ning of the film. Timing signals are therefore provided 
which are either marked off in decades to give a ‘ruler 
time scale or coded to give an indication of elapsed time 
with respect to the arbitrary zero. 

Expe ience in the design of the timing equipment has 
shown that although it is necessary to have a central equip- 


ment it is not practical to meet every requirement of the 


Time announcements 
to all stations 


Switching pulses 
to all stations 
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Fig. 1. The central timer and range instrumentation 


range instrumentation with one comprehensive unit. To do 
so would result in a very complex unit, difficult to service 
and maintain; furthermore much of the equipment would 
become obsolete as range requirements change. The best 
arrangement is to design the timer to provide the more 
basic signals and to meet varied requirements as to the 
waveform, phasing, voltage and impedance level of the 
pulses with auxiliary equipment such as the programme 
switch and cine-theodolite controller. Such units can be 
modified or scrapped as range requirements change 
Auxiliary units can be sited with the timer, or where con- 
venient at the remote stations local to the particular instru- 
ments which they serve. A feature of the design which has 
proved useful is the provision of two central timing units, 
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Fig. 


one serving as a stand-by in the event of a fault on the 
other. Extensive monitoring facilities are provided so that 
a fault is readily detected and the equipment switched out 
of service. These features are most important since a fault 
in the timer affects the whole range instrumentation 

Accuracy requirements for the timer not 
stringent. It is suflicient that the pulse repetition frequencies 
be correct to within +0-01 per cent since performance 
measurements made on the missile, such as velocity evalua- 
tion, cannot be made in any case to better 
than +0-1 per cent. What is most important is that the 
various events during a shoot be co-related in time 
to within These requirements are met by deriving 
all timing pulses by division of a common crystal oscillator 
frequency 

This article is limited to a description of the basic timing 
equipment; the auxiliary equipment such as the programme 
switch and cine-theodolite control system will be described 
in later articles. The description refers to a specific installa- 
tion; other equipments very similar to that discussed here 
are, however, installed at guided missile ranges both in 
Australia and the U.K. Much of the circuit design is con- 
ventional and not des- 
cribed in detail; the time 
coding circuits are, how 


are very 


accuracy 


can 


+ Imsec 


Is 


ever, original and are fully t=O 
detailed \ 
General Description — 

The complete system ts 
shown by Fig. 2. It con- 
sists essentially of a 10kc 
crystal oscillator driving a Opis | 
series of dividing circuits 
which feed pulses at 
various frequencies to a OOp/s ; 
number of output chan 
nels. There are 40 output 
channels identical with that 
shown, each one supplying EE Rime PO TREAT ~ 
a particular recorder of | 
control equipment. The 
pulses are transmitted to the — 
remote stations via under- scale IT 


ground telephone cables 


JANUARY 1958 


Schematic diagram of the central timer 


A gate in each output channel is opened just before the 


missile 1s launched so that the start of the transmissions 
represents zero time. Transmission before zero time can be 
effected by manual operation of the gates and the zero 


pulse which triggers them can also be selected and trans 
operated trom the con 
zero; this 


mitted lume \ relay 
trol room selects one of 
ensures that the zero is co-incident with a cardinal marker 
on all time scales so that it to add an end 
reading when annotating or analysing film recordings. It 


is important to mark the zero on all recordings since it ts 


as a signal 


the Ip/s pulses as a 


iS unnecessary 


a common reference which permits the various data to be 
co-related in time 

An additional output is supplied by a mixer 
vides the ruler It 
signal with markers superimposed at 1, 10 
Zero time appears as a step in the composite waveform 

The function of the the 
diagram, is to supply pulses that will serve as time markers 


[his pro- 


time scale shown on Fig. 3 is a | OOOp/s 


and lOOp/s 


coder, shown on schematic 


and also indicate the elapsed time at any instant with 
respect to the zero pulse. A typical ceded signal is shown 
by Fig. 12. The coded signal and ruler time scale are used 





Fig. 3. Typical timing pulses 
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The gate is a double 
triode with the grids 
strapped and connected via 

| a relay contact to earth. 
: In this condition signal 
| 
} 




















High speed ~ To mixer Timing +—o ; 
cae 2021 (see Fig.5) pulses 7° To pulses fed to the grid of 
recording the cathode-follower are 
| Line *qmpmert shorted to earth; the left- 
oH A ——— hand triode removing posi- 
Ip/s poy we A | —— tive and the right-hand 
aoe [ -- * | triode negative pulses. 
A, | rs 5 ee a ee | es When the relay contact is 
; ; opened the grids are 
To other i i : : 
channels Mg eA mee biased beyond cut-off; this 
” — ati —_ nme telephone opens the anode circuits 
= sient GATE ¥ SOLLOWER — . and permits signal pulses 
: j to reach the cathode- 
GATE TRIGGER OUTPUT CHANNEL remote follower. The gate can 
(one of 40) STATION be opened manually by 


Fig. 4. Output channel 


where long runs of recording film are involved. The coded 
time scale is also useful where recording equipments, such 
as target cameras, are switched on after zero time. It is 
impossible to record a zero mark under these conditions, 
but zero time is implied in the code so that the recordings 
can still be related in time to that of other instruments. 

The frequency dividers each consist of four binary 
circuits, the division being reduced from 16 to 10 by feed- 
back connexions. An additional output is taken from the 
last decade to give the required Sp/s signal. The circuit 
design of these dividers, and of the crystal oscillator, is 
conventional and will not be described here. Design details 
of the other circuits, in particular those of the coder, are 
given below 


Output Channel 

This is detailed by Fig. 4. There are 40 output channels, 
each one consisting of a selector switch, gate, cathode- 
follower and a Post Office type line transformer. The 
cathode-follower and line transformer effect the necessary 
impedance transformation for transmitting the signals along 
cables to the remote stations. The cathode-follower has an 
output impedance of about 4002 which is reduced to 530 
by the transformer 


Fig. §. 





operating the switch shown 

in the anode circuit of the 

triodes. A necessary feature 
in the design of the gate circuit is its freedom from switch- 
ing transients. A transient voltage, or change in d.c. level 
when operating the gate would be fed via the line trans- 
formers and would distort the output waveform. 

The gates in each of the output channels are operated 
by a common trigger circuit. This is a thyratron which is 
fired by one of the Ip/s pulses from the timer. When the 
thyratron is fired it operates a high speed relay which 
then removes the earth connexion from all the gate circuits. 
The thyratron is inoperative until the h.t. circuit is com- 
pleted by another relay. The relay which primes the thyra- 
tron is normally switched on from the control room just 
before the missile is fired off the launcher. This priming 
relay is switched off when the flight is over so that the 
thyratron is reset and ready for another shoot. 


Line Transmission 
Timing pulses are transmitted to the remote stations via 
underground telephone cables. These are 20lb, multi-core, 
lead sheathed cables; each pair of cores having the follow- 
ing characteristics : 
Attenuation: | to 2:5dB/mile at frequencies of Ikc/s 
to 10kc/s 


Mixer circuit which provides the ruler time scale 
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Characteristic Impedance: 450 to 1700 at frequencies of 
ikc/s to 10ke/s. 


Propagation Delay: 10usec/ mile. 


The longest cable run at present on the range is about 
4 miles and it is possible to transmit the timing pulses over 
this distance without excessive attenuation, distortion or 
delay. Lines longer than 6 miles could involve the use of 
repeaters depending on the requirements of the remote 
equipment. 

In addition to the timing pulses the multi-core cables 
carry speech signals and other pulse transmissions. All 
signals are carried over twisted pairs of lines which are 
terminated in transformers so that the signals and lines are 
balanced about earth potential. This eliminates crosstalk 
between the various transmissions; the attenuation between 
any two signals being greater than 50dB/ mile. 

The general transmission of pulses by radio has been 
considered, but this would involve the use of a multi- 
channel radio transmitter and a receiver at each remote 
station. The radio installation would, therefore, involve 
complex terminal equipment compared to that used with 
lines. It would be more 
difficult to service in the 
field particularly with radio 
receivers installed at re- 
mote and _ cross-country 
observation posts. With 
lines the terminal equip- 
ment is limited to line 
transformers and in some 
cases a.f. amplifiers at the 
receiving end. Radio trans- 
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Fig. 13. Here positive and negative pulses are replaced by 
dots and dashes; a dash being read as | and a dot as 0. 

The general arrangement of the coder is illustrated by 
Fig. 6. Pulses at a frequency of 10p/s are fed via a gate 
to a nine stage binary counter. An electronic switch driven 
at a 100 steps per second scans the counter once after each 
operation. This scanning switch delivers an output pulse 
each time it sweeps across a counter that has been switched 
on. 

The signal from the scanner is fed to a mixer where it 's 
mixed with 10 and 100p/s signals to provide the required 
coded output; the mixing being illustrated by the wave- 
forms of Fig. 11. The positive pulses from the scanner are 
twice the amplitude of the 100p/s pulses so that the two 
signals add to produce a positive pulse in the mixer output 
The 10p/s signal is fed to the mixer via a delay circuit, 
it is then out of phase with the 100p/s signal and so pro- 
duces double pulses in the output. Normally all pulses in 
the coder circuits are in phase since they are derived from 
the common 10kc/s oscillator and dividing circuits of the 


timing system. 


— Binary counters 
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mission is justified when a 
line installation is imprac- 
ticable or too expensive. It 
would be useful for sea- 
ward or very distant 
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observation posts. With 
the range installation 
being described a single 
channel radio link is 
used only for transmitting 
pulses to a mobile observation post, where lines would be 
impractical. 


CIRCUIT 











Mixer 

This circuit provides the ‘ruler’ time scale and is illus- 
trated by Fig. 5. Pulses at frequencies of 100 and 1 000p/s 
are fed from the decade dividers to the grid of the first 
valve. These pulses being inverted are added to the | and 
10p/s pulses at the grid of the second valve. The composite 
signal is then fed via a cathode-follower to the 40 output 
channels. A zero pulse is added at the grid of the cathode- 
followers; this appears as a step in the composite waveform 
as shown by Fig. 3. Negative feedback is employed on the 
two amplifying valves to reduce the unwanted gain. 


Coder 
GENERAL DESCRIPTION 

The function of the coder is to supply pulses that will 
serve as time markers and also indicate the elapsed time 
at any instant with respect to the zero pulse. A typical 
display of the coded time scale is given by Fig. 12. The 
pulses are spaced at 0-Olsec intervals with a double pulse 
every O-Isec. The groups of pulses between the double 
marks are read as binary numbers; a positive pulse being 
1 and a negative pulse 0. The binary number indicates the 
number of tenth seconds that have elapsed up to the pre- 
ceding 0-Isec marker. An alternative display is shown by 
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Fig. 6. Schematic diagram of the coder 


The interpretation of the coded output signal follows 
from the fact that positive pulses indicate that certain binary 
s'ages are switched on at a particular instant; the position 
of the pulses with respect to the 0-lsec marker indicating 
which stages are concerned. Thus the groups of pulses 
between the double marks can be read as binary numbers, 
which indicate the number of tenth seconds that have 
elapsed up to the preceding 0-Isec marker. The elapsed 
time is measured from the instant at which the gate 
preceding the binary counter is opened. This gate is 
opened by a pulse coincident with zero time. Closing the 
gate at the end of the run resets the counter to the zero 
position; all the binary stages being switched to the off 
position. 

The negative pulses shown in the output waveform are 
not strictly necessary for interpreting the code since the 
absence of a pulse could be read as 0. However, the absence 
of these pulses would result in long gaps in the time trace, 
the record would not be so convenient to read and inter- 
polation would be necessary to measure to 0-0Isec. 

The scanner can be regarded as a ten-way rotary switch 
driven at 10 revolutions or 100 steps per second so that it 
rotates in synchronism with the 10p/s signal to the 
counter. Nine outlets of the switch are connected to the 
counter, the tenth being unused and serving as an idle 
position. A 10p/s signal phases the operation so that the 
switch reaches the idle position cach time the counter is 
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operated. This phasing ensures that a complete and succes- 
sive scan of the binary stages is made after each counter 
operation. 

With the arrangement described, the coder counts up to 
51-Isec and re-cycles. This meets most requirements at the 
range for which this equipment was designed since the flight 
time of missiles fired there rarely exceeds 30sec. The coder 
can, however. be used to count seconds rather than tenth 
seconds when the counter will have a capacity of 51 Isec. 

The output signal from the coder is normally displayed 















is therefore made by a small unit local to the particular 
recording equipment. 


PULSE SHAPERS 

These circuits which are detailed by Figs. 7 and 8 shape 
the 10p/s and 100p/s pulses supplied from the external 
timing system so that they are suitable for operating the 
counter and scanner, both of which require fast, well defined 
waveforms. They also feed suitably shaped pulses into the 
mixer circuit. 


1Op/s to scanner 
'Op/s to counter (phasing pulses) 
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as a time trace on c.r.o. recorders, With some recording 
equipment it is more convenient to record the time trace 
with a neon or argon filled flash lamp. The positive and 
negative pulses cannot be recorded as such on a single 
lamp so they are converted to square pulses which operate 
the lamp to produce a dash-dot time trace as shown by 
Fig. 13. Fig. 14 is a typical application where a dash-dot 
trace is recorded along the edge of a cine camera film. It is 
not practical to transmit the square pulses along the under- 
ground cables without excessive distortion; the conversion 


FLECTRONIC ENGINEERING 


> 
S100kN 3, 7kO 


Seoebicss 






SHAPER 


SQUARER OUTPUT STAGE 


100p/s pulse shaper 


The negative 10p/s pulses are fed to the grid of Via. This 
is positively biased so that it clips any small amplitude, un- 
wanted signal from the input. The amplified pulses from 
Via trigger a flip-flop; fast, square waves being available 
at the anode of V2. The diode connected to the grid of the 
flip-flop removes any negative component of the signal 
while the 220pF capacitor renders the flip-flop insensitive 
to any induced h.f. transients. The square waves at Vo» are 
differentiated and fed to the amplifiers Vs. and Vs» which 
supply pulses to the counter and scanner. These amplifiers 
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are biased to clip off the negative pulses corresponding to 
the trailing edge of the flip-flop square waves. The 150kQ 
resistor at the anode of V, prevents the capacitive load of 
Va» Spoiling the fast waveform required by the counter. 
Negative square waves available at the anode of Ve, are 
fed to the shaper V;. Here the square waves are differen- 
tiated and the negative pips removed by the diode V.. The 
10p/s pulses at the anode of V:« coincide with the trailing 
edge of the square waves from Ve, and they are therefore 
3msec out of phase with the other 10 and 100p/s pulses 
This circuit thus corresponds to the 3msec delay unit shown 
on the block diagram of Fig. 2. The network and diode 
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tiated and the positive pulses removed by \ Che remain 


ing negative pulses are fed to the mixer 


COUNTER 


[his circuit which is shown on Fig. 9 is a conventional 
nine stage binary counter 

In the reset condition the left-hand resistance chain of 
each binary is connected via a common rail and +-7kQ) 
resistor to earth. This raises the grid potential of the right- 
hand triodes so that they in the conducting condi 
tion with the left-hand off; the 10p/s input 
signal is then ineffective starts to operate at 


remain 
triodes cut 


The counter 
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connected to the anode of V:; differentiate and clip the zero time when the gate trigger relay, shown on Fig. 4, 
output pulses again so that a suitably shaped signal is avail- switches the reset rail to earth 


to the mixer 

amplified by Via and trigger the 
as for the 10p/s signal. The square waves at 
are differentiated and the negative pulses 
shorted by V3. The remaining positive pulses trigger a 
second flip-flop V, which provides the 40usec pulses for 
driving the scanner. These pulses are available at the anode 
of Vy, where they have a peak amplitude of about 200V; 
they are fed to the grid of V:. which is biased to clip the top 
and bottom off the input square pulses. The amplifier also 
inverts the flip-flop output; negative pulses being required 
to drive the scanner. 


able for feeding 
The 100p 

flip-flop \ 

the anode of \ 


; pulses are 


» is also fed to Vea which 
e-going square waves 
are differen 


The output at the anode of V 
functions as an invertor so that negativ 
are available at the anode. The square waves 
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The neon lamps connected to each binary counter 
mounted on the front panel of the equipment and 
useful indication of the counter operation; they are switched 


afe 


rive a 


on and off by each binary stage. 
SCANNER 

This is also shown on Fig. 9. It is a cold-cathode glow 
discharge tube in which the anode to cathode discharge is 
switched to successive cathodes by suitable trigger pulses 
fed to the transfer electrodes’. The transfer electrodes are 


supplied in this case with a 100p/s signal so that the dis 
charge rotates at a 100 steps or 10rev/ sec 

Negative 
with 
cathode, 


pulses at a frequency of 10p/s and coincident 
operating the counter are fed the tenth 
overriding the normal operation and pulling the 


those to 
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Fig. 10. Mixer and output stage 


discharge to this cathode if it does not happen to be there 
when the counter operates. This phases the scanner so 
that a complete and successive scan is made after each 
counter operation. The phasing comes into effect when 
power supplies to the circuits are first switched on, it is then 
superfluous since the scanner rotates in synchronism with 
the counter until the equipment is switched off. 

The current flowing successively through the 15k2 
resistors produces 10p/s pulses at each scanner cathode. 
The nine cathodes are connected respectively to the nine 
counter stages via a capacitor and resistance chain. A typical 
waveform for one of these connexions is shown. The square 
pulses at the cathode are differentiated and added to a plat- 
form voltage from the counter stage. The resulting wave- 
form is fed via a diode to a common output rail. This diode 
is biased, by a d.c. voltage on the rail, so that pulses from 
the scanner cathode are only fed out when the particular 
counter stage is switched on. The resulting output is a train 
of pulses; the phase of each pulse showing which counters 
are switched on during each sweep of the scanner. A typical 
output for two successive scans is shown by Fig. 11. 

The 250k preset resistors in each resistance chain are 
used to adjust the signal amplitudes with respect to the 
bias voltage and thus balance out inequalities of valve 
characteristics and resistance values. 

MIXER 

This circuit is detailed by Fig. 10; its function is to shape 
the pulses delivered by the scanner and to mix them with 
the 10 and 100p/s signals. 

The pulses from the 
scanner are amplified by 
Via and V;, and then trig- 
ger the flip-flop Vs. The 
square pulses at the anode 
of Vs, are differentiated, 
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Fig. 11. Waveforms in mixer circuit 
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the negative pip removed 
with a diode and the posi- 
tive one fed to the mixer 
Via. The 10 and 100p/s 
signals are added here as 
shown in Fig. 11. It will be 
seen that the coded pulses 
are twice the amplitude 
and of opposite polarity 
to the 100p/s pulses so 


ELECTRONIC ENGINEERING 


: ze 





Ruler time scale 





Coded time scale 


JANUARY 1958 




















tOOkN 





























| | _HSkQ 

© 2 sail toe 
: diicalibinns 
Cod 
signal AMPLIFIER CLIPPER 
from 
nee 330V—e 














we 

















AMPLIFIER CLIPPER 


Fig. 15. 


that the two signals add to produce positive pulses. 

The coded pulses are adjusted to the required amplitude 
by the 500k{) preset resistor shown. The 10p/s signal is 
out of phase with the other pulses and produces the double 
markers which bracket the pulses into groups of nine. 

The shaping network connected to the anode of Vs» and 
an identical circuit in the 100p/s pulse shaper ensures that 
the two sets of pulses have the necessary similar waveforms. 
Slight discrepancies in the waveform and phasing of the 
pulses are corrected by the capacitors connected to the grids 
of Vsa (Fig. 10) and Véa (Fig. 8). 

The capacitors shunted across the grids of Vis and Vis 
in the mixer circuit eliminate any h.f. transients coupled 
into the circuits; these would cause irregular operation of 
the flip-flop Vs. 

The final coded signal at the anode of V; is fed via a 
cathode-follower to the output channels of the timer. 


Local Time Coder 

As mentioned above it is convenient with some range 
equipment to record the time trace on a single neon or 
argon filled flash lamp. The positive and negative pulses of 
the ‘ coded * signal are therefore converted to square pulses 
which operate the lamp to produce a dot-dash time trace. 
It is not practical to transmit the square pulses along the 
underground cables to the remote recorder without exces- 
sive distortion; the conversion is therefore made by a small 
unit local to the recorder. 
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Local amplifier 


The circuit of this unit is detailed by Fig. 15. The equip- 
ment side of the line transformer is connected as a phase 
splitter so that a given signal pulse appears with opposite 
polarities at the grids of Vi, and Vas. The signal is amplified 
by Via and fed to Vi» which is biased to reject positive, and 
amplify, negative pulses. The positive pulses from the anode 
of Vi» trigger the flip-flop V2; this provides square pulses, 
each of 4msec duration, corresponding to the positive pulses 
fed to the grid of Vis. The circuit, consisting of valves Vs 
and V, operates in a similar manner to that just described 
It operates, however, on pulses of opposite polarity, as seen 
on the line, and the flip-flop V, produces square waves of 
only Imsec duration. 

The square waves from V2 and V, are added and fed to 
the output valves. These amplify the signal so that it 
operates the neon recording lamps. The 6:8M{) resistors 
keep the lamps ionized which improves the speed and reli 
ability of their operation. The diodes isolate the driving and 
ionizing circuits. The unit is designed to operate timing 
lamps for three recording instruments if required. 

Typical input and output waveforms are shown on the 
diagram; where the wide square waves correspond to nega 
tive and the narrow ones to positive input pulses. The time 
trace produced by the neon iamps is shown on the records 
of Fig. 13 and 14; the latte- being a high speed cine camera 
film. 
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Continuous Recording of Waveforms on 
Photographic Film 


By V. B. Hulme*, M.A. 


Limits to the information capacity of photographic film as a medium for recording electrical wave- 


s of variable-area recording are pointed out 


ons of the system using conventional cathode-ray tubes are dis- 


with particular reference to 


ribbon shape, producing a fluorescent 


line instead of a spot 


forms are examined The limitati 

CUSSCd The advantage 

a new type of tube, in which the beam cross-section has a 
Using the new tube 


{ push-pull, class-B push-pull, and the use of 


conventional tubes the performance of the system is limited by the tube 
set by the medium should be 


l is common practice to record electrical analogues of 
phenomena by photographing the fluorescent 
spot of a cathode-ray tube The spot is deflected in sym 
pathy with the electrical waveform, and the information is 
recorded in the form of the distance between the spot 
ind a datum point on the line defiexion. To record 
phenomena which are continuously variable, the film is 
moved continuously in a direction normal to the recorded 
deflexion, so that a graph is drawn of the variable on a 


physical 


ol 


time scale 


This method of recording arose naturally from the 
obvious convenience in merely putting together the 


cathode-ray oscilloscope and the cine-camera, two well- 
known pieces of apparatus, with the minimum of modifica- 
The both 
when compared with other possibilities and different media 
to discuss these is not the object of the present article, 
but rather to draw attention to the major limitations and, 
particularly, to interesting suggestions for 
improvement, employing a ribbon-beam cathode-ray tube’. 


tion system has advantages and disadvantages. 


more some 


Limitations of the Deflected Spot System 


The final limitations infor 
mation which may be obtained from the recording ideally 
is given by the product of the resolution, or information 
the film stock used in the camera, and the 
In practice, however, the film is not the limit- 


to the amount of detail or 


capacity, of 
footage run 
lactor 

The number of elements into which the amplitude of the 


spot deflexion can be resolved, after recording, may depend 


ing 


on 
(a) The resolution of the film and the width of the track 
ivailable for excursions of the spot image. 
(b) The ratio of the tube spot diameter to the deflexion 


umplitude 

A typical fast negative film will resolve 30 lines/mm 
The track width available 
film is 25mm, so that 
between | 500 and 5 000 amplitude elements can be resolved 
giving 4 maximum accuracy of 0-067 to 0-02 of 1 per cent 
of full deflexion. However, the best electrostatic-deflexion 
tubes have a spot diameter to maximum deflexion ratio of 
not less than 1/250, so that the amplitude resolution of the 
system is limited entirely by the tube, a figure which at 
best, assuming Optimum focus and brightness, is a whole 
order coarser than the ideal limit imposed by the film 


a slow positive stock 100 lines 


between sprocket holes on 35mm 


* F.M1. Electror I 
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various possible arrangements of the display are outlined. 


10 


These include class- 
concluded that whereas with 
with the new tube the limits 


mirror images. It is 


approached 


Even assuming, however, that a much improved tube 
could be made available, the ideal limit can never be 
approached with the deflected spot system, since the trace 
must have a minimum thickness in order to be detectable. 
A trace thickness of 0-016mm, corresponding to 30 lines 
mm, would be practically invisible, and recovery of the 
information by electronic scanning systems would also be 
severely handicapped. 


| Direction of 


Line of defiexion film travel 
+» 


=) 


dert 





) Mosks 


(~ ) 


\ 


w) 


(3) Fluorescent spot 


Fig. 1. 


Masked c.r.t. display 


The number of independent elements which can be 


resolved per second of recording time, may depend on: 
(1) The resolution of the film and the speed at which 
the film is propelled in the camera. 
(2) The decay time of the phosphor. 
(3) The effective width of the image of the spot in the 
direction of film movement. 


[he second factor may be dismissed with the observa- 
tion that phosphors are readily available, as used in flying 
spot scanning processes, with decay times less than I usec 
ind allowing up to 10° elements/sec to be recorded without 
difficulty. Turning to the other two limiting factors, ideally 
the spot image should be equal to (or less than) the smallest 
element which the film can resolve, in order that the system 
performance should be limited only by the film and the 
speed of propulsion. This desideratum is rarely achieved in 
practice, but it is possible to mask the spot edges with 
plates having edges parallel to the line of deflexion, as in 
Fig. 1, and so to reduce the effective spot width as desired 

[he velocity of propulsion is limited in continuous 
recording by practical considerations of bulk and cost 
only. Thus a typical camera employed for this purpose has 
a maximum speed of about 4m/sec, which gives 0-4 x 10° 
elements /sec at a resolution of 50 lines/mm. Theoretically, 
however, a limit will be dictated by the necessity for ade- 


JANUARY 1958 





a 


















quate exposure of the film, since exposure duration is 
inversely proportional to velocity. To evaluate this limit with 
a deflected spot system, allowance must be made for a large 
component of velocity due to deflexion. This increase in 
velocity due to deflexion may be determined by consider- 
ing the maximum excursion of the spot during two ele- 
mentary intervals of time, giving the maximum average 
velocity at which the position of the spot on the amplitude 
scale must be detectable at half-time 1 (F ig. 2). Since it is 
assumed that system performance is limited by the film 
only, the elements have the same dimensions on the ampli 
tude and time scales, and the increase in velocity is there 
fore given by N/2, where N is the number of amplitude 
elements. 


The duration of exposure T is then given by 


7 2d,/NV, where 
d width of image 
V = velocity of film 
and the product of the number of elements per second 
and the number of elements per track width, which is a 
! 
tH HHH +—+ + | 
¢g ZB Le 
ZZ | 
I t aad ; 
Lett aot 
| | ' 
-(N+I)¢, —~ 
isageaaiine —= Ne, 
tet 
2¢ 4% ~ 
t, -¢ 
3 Resultant Velocity 
of spot image 
Fig. 2. Image velocity diagram 


measure of the information capacity of the system, Is given 


by 
NV /d 2/7 
Now 7 E/I 


4EF°/<B 


where / image illumination 
F f/ No. of lens 
B brightness of spot on tube face 
E minimum exposure 
giving 
NV /d ; B/2EF 


neglecting loss of light in the lens and reduction of effec 
tive lens aperture due to the optical magnification, since 
these will lead only to small errors in practical cases’. 
Owing to the failure of the reciprocity law at short 
exposure times it is difficult to obtain a figure for the mini- 
mum exposure E, which must be considerably larger than 
in normal photographic practice. It is customary to evaluate 
emulsion speed in km/sec under specified conditions of 
tube operation and film development, assuming a lens 
aperture of f/1, for a trace density of 0-1 above fog level, 
i.e. for a trace which is barely perceptible. While a typical 
figure is 2km/sec, special methods applicable only to * one 
shot’ records of high speed transients have enabled writing 
speeds of several thousands of km/sec to be attained. For 
day-to-day recording of continuous phenomena a con- 
servative figure must be taken, and it is found that with 
the maximum film velocity quoted for a typical camera 
(4m/sec), there is little scope for bandwidth extension by 
masking the spot, since this reduces the exposure below 
the minimum level. This would not be so, however, were 
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it not for the reduction in effective exposure due to 
deflexion velocity. 

Another considerable embarrassment is that the deflexion 
velocity varies from zero to a maximum several orders 
higher than that of the film , giving rise to exposure modula 
tion in the ratio of the resultant image velocity to the film 
velocity. The intensity of the spot plotted against distance 
from the centre approximates the Gaussian probability law, 
so that the width of the recorded trace varies by an order or 
more with exposure, and it is consequently impossible to 
obtain optimum amplitude resolution over a large exposure 
range. 

If the use of a ribbon-beam tube’ in place of the con 
ventional tube were to eliminate exposure modulation and 
all its disadvantages, the information capacity of the system 


would be extended by several orders 


The Ribbon-Beam Tube 
The ribbon-beam tube is described in detail elsewhere. 
but briefly the cathode area has been extended along a 
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Fig. 3. Masked ribbon beam tube display 


Fig. 4. Ribbon beam recording (film negative) 


radial line, so that, without deflexion, a fluorescent line 
appears on the screen The intensity of this line at any 
point along its length is of the same order as that of a 
conventional tube spot. The beam is deflected in a direction 


parallel to the length of the line so that, in recording, the 


image of an elementary part of the line is replaced on 
deflexion, with that of another part, for the purpose of 
exposing an elementary film area, so that no exposure 


modulation can result, except in association with the end 
of the line. The informatior. recorded is basically the posi 
tion of the ends of the line with respect to a datum. Since 
the end of the line a transition from high to low 
intensity, it is convenient to limit the track width, by mask 
the 


area 


marks 


one end olf 


variable 


ing One side, so that the excursions of only 
line 
recording 
line, and it is preferable that the mask should be on the 
cathode-ray tube due 
vibration and lateral film movement 
may be 
system, illustrated in Fig. 3 
shown in Fig. 4 


accommodated, thus producing a 


The masked edge then forms a convenient datum 


are 


to errors to camera 


he edges of the line 


SO as avoid 


masked as suggested for the deflected 


The form of 


also spot 


the recording 1: 


Variable-Area Recording 
Ihe advantages of the variable-area form of recording 
are: 


The electrical waveform may be reproduced auto 
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matically using simple apparatus (light suurce, optics 
and photocell). 

(2) The information is recorded in the position of a 
density transition. The sharpness or slope of this 
transition is not limited as it is with a deflected spot 
system by the vanishing thickness of a line. 


Exposure modulation is reduced, if not eliminated, 
allowing optimum adjustment of exposure and ex- 
tended information capacity. 

Variable-area recordings have been made by deflecting 
the spot of a normal cathode-ray tube at a rate high com- 
pared to the velocity of the film and the maximum rate of 
deflexion due to the recorded signal. The line so produced 
can then be modulated either in length or in position*®*. 
Some of the advantages of variable-area recording are 
obtained with such methods, but it is plain that the effec- 
tive exposure of the film is reduced (per unit area exposed) 
by the dissipation of the energy available from the tube 
spot over a larger area. However, it is possible to operate 
the tube under optimum conditions, since modulation of 
the exposure by the rate of change of input is reduced, and 
there is no risk of burning a hole in the phosphor when 
the latter is zero. This risk is a certainty when high intensity 
beams are used in a deflected spot system, unless arrange- 
ments are made to remove the spot from the screen. 


(3) 


ime, : 


=< Ronny +¢ ~ ‘oO ; ip 


L) - 
a) — 
( ) ‘. _— aioe J 
| ' | Locus of point 3 
Locus of point 4 
(a) (b) 
Fig. 5. Image velocity diagram, ideal ribbon beam 


In a variable-area recording intended for electrical repro- 
duction (e.g. of sound sequences) the photographic process 
is closely controlled so as to achieve the best overall system 
performance, and many subtleties enter into the determina- 
tion of optimum values for the many variable parameters. 
In general the object is to produce a density transition 
across the track on the final print, from a value giving 
negligible attenuation to one giving negligible transmission, 
so that the emulsion characteristic is used only as an on-off 
device, and the photocell output is proportional to the area 
of unexposed track and not on variable parameters of the 
photographic process. 

To assess the performance limits of such a system it is 
necessary to consider the brightness transition at the end 
of the fluorescent line on the tube, and the corresponding 
density transition produced on the film. There is no reason 
why the brightness transition should differ greatly from 
that for a conventional tube, following a radial line from 
the centre of the spot outwards. In the absence of modula- 
tion therefore it will be possible to locate the position of 
either the spot or the line with equal precision, if marked 
by the occurrence of the same arbitrary density transition 
in both cases. When the spot is defected, however, the 
reference density may not be obta.ied at all, owing to 
velocity modulation, and certainly will not appear at the 
same distance from the trace centre. This applies even if 
velocity modulation does not carry the exposure out of the 
linear part of the film characteristic. 

Consider now the image of a line (1) (Fig. 5) having a 
perfectly defined end (2), and of width d, equal to an 
amplitude element. Suppose a deflexion Nd, occurs in time 
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2d:/y. The exposure at the halfway point (3), assuming 
a constant deflexion velocity Nv/2, will be haif that at 
the point (4), where no velocity occurs. The error in deter- 
mining the position of the end of the line at the halfway 
point will be small, because the density transition on the 
film is Produced by a wide exposure range, of the order 


of 1:2’. It can be shown by superposition methods that if 
the end of the line is imperfectly defined, the same reason- 
ing applies, and the error due to deflexion velocity is no 
greater (Appendix 1). 

Hence the variable-area system, using a ribbon beam 
tube, should have a great advantage over the deflected spot 
system, in that negligible velocity modulation results from 
deflexion. Consequently the bandwith of the system is not 
likely to be limited by a minimum film exposure, and the 
information capacity will be limited only by the film 
resolution. 


Multi-Channel Variable-Area System 


In a multi-channel variable-area system, the mask at 
the unmodulated end of the fluorescent line can be replaced 
by a mirror surface in a plane normal to the line of 
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Mirror image of fluorescent line 


Fig. 6. Multi-channel variable-area recording system 
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Fig. 7. 


Push-pull recording system 


deflexion, and parallel to the optical axis’ (Fig. 6). The 
modulated end of the line must be placed between the 
mirror and the optical axis, so that it is not masked. The 
length of the mirror is made adequate to produce a 
reflected image of the line, but no larger, otherwise exces- 
sive safety gaps will be required between channels. This 
arrangemet.t results in bilateral area modulation, and has 
the advantage that the exposure of the film is doubled by 
the reflected light. This advantage is nearly always valuable, 
e.g. by doubling the optical reduction and the width of 
the fluorescent line, a film stock can be used having less 
sensitivity and greater resolution. 


Push-Pull Variable-Area Systems 


When a high quality bi-directional (centre zero) channel 
is required, both ends of the fluorescent line can be used, 
producing push-pull variable-area tracks (Fig. 7). The 
fluorescent line is of constant length, and occupies a sub- 
stantially central position in the absence of deflexion. 


JANUARY 1958 





Deflexion modulates the area exposed on each half of the 
track which is presented to a pair of photocells, each being 
affected by one half of the track, their outputs being com- 
bined in antiphase. It is advisable to mask a small portion 
of the line in the centre, as shown, so that a safety gap is 
produced between the tracks, and small lateral movements 
of the film do not produce a spurious output. The advantage 
of the push-pull arrangement is that spurious components 
common to both channels are reduced or eliminated, 
including even harmonic distortion which might result 
from non-linear deflexion characteristics of the tube. The 
system described would be analogous to a class-A push- 
pull amplifier or modulator. 


Fluorescent 














Fig. 8. Quiescent class-B push-pull system 
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Fig. 9. Recording characteristic for system of Fig. 8 
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Fig. 10. Bi-lateral push-pull recording with mirrors 





Mirror image 


By masking the ends of the fluorescent line so that the 
space between the masks is just filled by the undeflected 
line, a quiescent class-B type system results. If the negative 
is used, as in Fig. 8, noise due to the exciter lamp, photo- 
cells and foreign matter adhering to the film, which forms 
a large part of the background noise in a film record replay, 
is proportional to the modulation (not constant) so that 
high signal-to-noise ratios are maintained at all modulation 
levels. Although the length of the line is critical in relation 
to the distance between the end masking plates, neither of 
these are likely to drift, once set up. Drift in the zero 
position of the line results in a d.c. output error only. 
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When the ends of the line are not clearly defined con- 
ditions are similar to those obtaining with a valve having 
a characteristic curved near cut-off. With the arrangement 
analogous to class-A operation, no distortion results if 
excursions are limited to the straight part of the charac- 
teristic. In the class-B push-pull arrangement, the curved 
part of the characteristic cannot be avoided, but distor- 
tion can be avoided if the masking is set up so that the 
curvature due to one end is compensated by that due to 
the other (see Fig. 9 and Appendix 2). 

The advantages of the mirror arrangement can also be 
realized with class-B operation, by substituting mirrors for 
the masking plates at both ends of the line (Fig. 10). The 
film record takes the form of bilateral push-pull tracks 
(quiescent). Owing to the thickness of the glass of the 
tube face, the mirrors cannot reach the plane of the phos 
phor, and a small gap must be present in the centre of 
each bilateral track. It can be shown that distortion from 
this cause is avoided if the mirrors are placed so that the 
distance- between them is the same as the length of the 
line (Appendix 3). 


Conclusions 


It has been shown that there are serious fundamental 
limitations to the performance of the conventional cathode 
ray trace recorder. These limitations can be more or less 
completely avoided by employing the ribbon-beam tube 
and variable-area techniques, performance then being 
limited only by the information capacity of the photo- 
graphic medium. There appears to be no valid reason why 
the ribbon-beam tube should be appreciably more expen- 
sive than conventional tubes’. Future development will, 
however, depend on the relative popularity of the photo- 
graphic medium and its competitors, a subject which has 
not been discussed. The trend is towards digital techniques, 
and if these can be applied to film recording so as to 
extend the information capacity of the medium, it is 
possible that superior performance and the advantage of 
a visible and more permanent record will ensure a future 
for this method of recording. 


APPENDIX | 


In Fig. 5(a) the deflexion of the line image (1) from one 
extreme position to the other was illustrated for a line 
having a sharply defined end (2). The deflexion occupied a 
time interval (fs — f:), during which the distance travelled 
by the film was twice the width of the line image (2d)). 
The exposure at the point (3), which is defined as the 
position of the centre of the line end on the trace at time 
fz, assuming constant deflexion velocity, was seen to be 
half that at point (4), since tf — fi = ts — fr. In Fig. 5(b) 
the moving line image was, for convenience, fixed in the 
diagram, and the locus of points (3) and (4) drawn as lines 
crossing the image. 

Consider now a line having a graded brightness transition 
at the end. Such a line may be regarded as the resultant 
of a large number of lines having sharply defined ends, the 
ends being located in the neighbourhood of the gradient and 
distributed symmetrically in pairs about a point of half 
maximum brightness b, Fig. 11. Two of these overlapping 
lines are shown, having ends at a and c, and the locus 
of the point (3) (Fig. 5) is drawn across the ends, the 
position at times fi, fo, ts being indicated. 

Since ends a and ¢ are symmetrically spaced about b, 
the lines contribute a mean exposure at point (3) equal 
to that from a line ending at b. There will be in fact an 
infinite number of such pairs distributed over the gradient, 
contributing a combined exposure at point (3) half that 
at point (4), Fig. 5. If the position of the line end (2) Fig 
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5 is taken as that of the half maximum brightness point 
on the gradient, then the exposure at point (3) is the same 
as at point (2) in the absence of deflexion. Therefore the 
velocity of deflexion will not modulate the exposure, and 
no error will result from this cause in measuring the posi- 
tion of the ‘ end’ of the line, when the end has a brightness 
gradient of the type postulated. 


APPENDIX 2 
The conditions for linear class-AB push-pull operation 


t 
Ae 
: ¢t 
+ 
3 4 c 
t 
< 
_ porate Phe 
“4 
KX. Q 
‘ 
x b 
» 
> 
Fig. 11. Graded brightness transition 
ire easily found. Let the output from track (1) be an 
irbitrary function of deflexion « 
y F(x) 
ind that from track (2) 
F(—x) 
For a linear balanced system the resultant output is 
) Kx 
Expanding F(x) in a power series 
Fix) = a + bx cx dx’ + ext + da 
But F(x) F(—x) 2 [bx dx fx | 
Kx 
kK 2h 
and d, f etc 
i.e. apart from a constant term and the term in x, odd 


powers of x are excluded from F(x). Similarly, even powers 
of x are excluded from the slope of F(x), F’(x), which 
exhibits skew symmetry about x 


APPENDIX 3 


In a class-B quiescent push-pull system, both ends of the 
line must be masked. The length of the fluorescent line is 
critical, and must be equal to the distance between the end 
masks, so as to avoid a discontinuity in the characteristic 
at zero deflexion. When mirrors are instead of end 
masks, the surface cannot extend to the ends of 
the line since the thickness of the tube glass at the face 
intervenes 

Referring to Fig. 12, the mirror suface EF fails to meet 
the line OB by the distance FB. The light ray BL meets 
the plane of the film, after passing through the lens L, 
at the centre of track (1). Owing to the gap BF, however, 
the division of the track into two parts a, b, exposed to 
the mirror image and the direct image respectively, is 
marked by a point (or line) somewhat off centre, where 


used 
Mirror 
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the direct ray GFL and the reflected ray HFL meets the 
film. Since EF is normal to OB, OB = BC and HB = BG. 

Fig. 13 is a graph relating the unexposed area of the 
negative to the deflexion of the line from its central posi- 
tion (with the end at B). Curve a indicates the contribution 
of the reflected image (on part a of track (1)), and meets 
the zero area axis at u, which point corresponds to 
deflexion from B to H. Curve b gives the contribution of 
the direct image, meeting the zero area axis at r correspond- 
ing to deflexion from B to G. 
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Similarly curves c and d indicate direct and reflected 


contributions to track (2) from the other half of the fluores- 
cent line. If the geometry of the arrangement for track 
(2) has mirror symmetry with that for track (1), about 
the optical axis OL, then curves c and d meet curves a 
and 4 at u and r respectively and have the same slope, so 
that the overall push-pull characteristic is given by the 
straight line wvost. 

In practice the ends of the fluorescent line have a finite 
brightness gradient. If the gradient conforms to that postu- 
lated in Appendix 1, and the distance between half bright- 
ness points at the two ends is made equal to the distance 
between the two mirrors, then a linear overall characteristic 
is obtained, although the curves representing individual 
contributions from parts a, b, c, d deviate from linearity, 
as shown by the broken lines, near the zero area axis 
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High Frequency Parameters of Transistors and Valves 


By J. Zawels* 


High frequency equivalent circuits for thermionic valves in the common-cathode, common-grid and 


common-anode (cathode-follower) configurations are developed, analogous to 
common-collector configurations of junction transistors. From these, 


common-base and 


th 


fhe common-emiltter, 


the exact 


open-circuit (z), short-circuit (y) and hybrid (h) parameters for each of the above circuits are 
tabulated. The approximations permitted by the relative magnitudes of various elements are also 
indicated. 


HE behaviour of a device may be greatly clarified by 

using an equivalent circuit consisting of ‘ideal’ ele- 
ments to represent it. In such a circuit approximations to 
simplify subsequent calculations may be made by inspec- 
tion. If frequency dependent passive or active elements are 
introduced, however, the advantages of an equivalent circuit 
may be lost, since the behaviour of the circuit becomes 
obscured by the mathematical expressions describing the 
frequency dependence of the elements, and the use of the 
complex mathematical expressions for the open-circuit (z) 
of short-circuit (y) or hybrid (h) parameters', may in fact 
be simpler. 

It is well known that at low frequencies the phase rela- 
tionships in junction transistors and in vacuum triodes, (or 
in. pentodes), are similar. The analogy exists between the 
base, collector and emitter electrodes on the one hand and 
the control grid, anode and cathode on the other. It would 
naturally be an advantage towards the understanding of the 
behaviour of both devices if their equivalent circuits could 
be made to correspond topologically. Indeed it was for this 
reason that a equivalent circuit was first proposed to 
represent the low frequency behaviour of transistors’ 
Because the phase relationships at higher frequencies differ, 
however, the equivalent circuits of the two devices are un 
likely to correspond without the introduction of frequency 
dependent elements 

The primary object in deriving the equivalent circuits 
used in this article was to use only frequency independent 
elements**. It was found that there are significant 
advantages in developing special circuits for three 
modes of operation, viz. common-emitter, common-base 
and common-collector. Fortuitously, accurate valve circuits 
having topological resemblance to these circuits are pos- 
sible. The use of special equivalent circuits with valves is 
also advantageous 

In this article the equivalent circuits of both junction 
transistors and valves are presented, and the exact z, vy and 
h parameters of both devices are tabulated. Approximations 
which may be made as a result of differing impedance 
levels are also indicated 


, 
also 
the 


Triode at Low Frequencies 

Fig. 1(a) shows a common-grid triode and Fig. 1(b) shows 
its conventional low frequency equivalent circuit which 
utilizes a fictitious generator. In practice this circuit is most 
useful in the analysis of common-cathode circuits. 

For-common-grid operation it will be shown that it is 
often advantageous to consider the generator and grid as a 
special three terminal device, as shown in Fig. 1(c). It is 
evident that this device has equal input and output currents 
and, for all terminations, has a voltage output which is a 
constant multiple (u + 1) times the input voltage. The use- 
fulness of such a device, to be termed a K-amplifier®*, is 
that it has impedance transforming properties, and in this 


* South African Iron & Steel Industrial Corporation Ltd 
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respect it can be treated as a conventional ideal two-wind 
ing transformer, with an impedance transformation ratio of 
(iu D=K. 

For the analysis of (cathode-follower) 
circuits, -use-is--made of the impedance transforming pro 
perties of the K-amplifier by first transferring the anode 
resistance to the input side as shown in Fig. 1(d), its value 
now becoming ra/(u 1). The K-amplifier is then replaced 
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Fig. 1. Low frequency triode configurations 


by a fictitious generator whose voltage V, refers to the new 
input terminals, and finally the resultant circuit is redrawn 
for convenience to obtain Fig. I(e). It is seen that this circuit 
closely resembles the conventional circuit (Fig. 1(b)), but 
for cathode-follower analyses is considerably simpler 


Triode at Medium and Very High Frequencies 


For the high frequency case, consider complex imped 
ances Za, Zac, ANd Zen to be present between the electrodes 
The equivalent circuits for the three configurations shown 
in Figs. 2(b), 2(a) and 2(c), follow by extension from Figs 
l(b), I(d) and Ife) The elements of 
impedances may be very accurately obtained, by comparing 
Fig. 2(b) with Fig. 3, which the ‘ intrinsic 
circuit of a triode, and applies from zero frequency up to 
that frequency where transit time is appreciable compared 
with the period of the impressed signal’. This circuit 
referred to as the intrinsic circuit since it is only valid for 
the active part of the valve, i.e. the portion of the valve 
elements that intercepts electrons®. For the complete circuit 
inter-electrode capacitances Cap”, ¢ and Cy.” must be 
added in parallel with the electrodes, the lead inductances 


respectively these 


is equivalent 
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in series with the electrodes. From the above, at very high 
frequencies, (neglecting lead inductance) 


Ts 


i, = ; a oe 6 a'e.6 © F (la) 
1 + srg (C ak + Cax’) 

ee 
5(Cag’ 9 C ax ) + Slag Cc ag C ag 

Zeu' = : : + es —_ ee . (le) 
s(€ a + Cos ) + S Tex C ek Cex 

and 
2’ = ccbiatidaedwehahehawses (1d) 


where s = jw. Note that the complex quantity y’ is used for 
convenience in tabulation, and arises out of the combina- 
tion of re and (Cax’ + Cax”) as a single impedance, zs. In 


—Ook 





— V, 
wet *° 


2. 


High frequency triode configurations 


— - got ——o¢g 


Fig. 2. 


the medium and low frequency ranges rag’ < 1/sCag’ and 


res 1/sC.x’, and thus the above quantities simplify to 
rs 
z : log = (1 SCag) 
« + wun fay 
Zek = (1/sCex) and p’ = P “wr TL ETT (2) 
| + Sra aa 
Transistors 


The equivalent circuit of a junction transistor, termed the 
natural equivalent circuit’, is shown in Fig. 4(a) and except 
for the presence of the element rp»’ its topological resem- 
blance to Fig. 2(a) is evident. As in Fig. 3, the inter-electrode 
capacitances and lead inductances have been neglected. 
However, if any of these are to be included, it should be 
noted that the collector-to-base inter-electrode capacitance 
is the most important, by virtue of an analogous Miller 
effect. Also, collector and emitter lead resistances have been 
neglected (of the two only the latter is of possible signifi- 
cance). Now, similarly to Figs. | and 2, Fig. 4{a) is most 
suitable for common-base, Fig. 4(b) for common-emitter, 
and Fig. 4(c) for common-collector analyses. Fig. 4(d) 
shows an alternative common-emitter circuit which is 
premised on the fact that generally for transistors in the 
useful frequency operating range yu > yx and yn > ya. 
(See also assumption (4a) below.) It has the advantage over 
Fig. 4(b) in that its fictitious generator is proportional to 
a terminal quantity, viz., the collector current /., whereas 
that of Fig. 4(b) refers to an internal quantity, viz. voltage 
Vv's. On the other hand, however, it introduces two more 
elements, the current generator and the one-to-one phase 
reversing transformer. 

The natural equivalent circuit elements are ryv’, Co, ge, 
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C.’, gc’, ra, La and K. The element La is responsible for the 
common emitter short-circuit current amplification factor, 





Cag ‘ 
9g ¢ 
Co 
V, 
k + > Ok 





Fig. 3. Very high frequency intrinsic equivalent circuit for triede 

















Fig. 4. Junction transistor configurations 


asp, being capable of a phase shift greater than 90°, and is 
of importance only at the highest frequencies of the useful 
frequency range. It is seen that in the configurations of 
Figs. 4(b) and 4(c) the quantities C,’/ K, g.’/K etc. appear. 
They arise from the impedance transforming properties of 
the K-amplifier and for convenience may be referred to as 
C. and go, respectively. 

Due to the topological resemblance of the equivalent 
circuits of the thermionic and transistor triodes, any 
expression in terms of the parameters of the one, are easily 
converted to the other. Table 1 gives the exact expressions 
for the y and hf parameters for transistors for the 


& 
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rT. 


common-emitter, common-base 
modes of operation. 
rob, Ze. Ze, Zu. aNd K where (; 

= ] , 1 


Re + SC, 4 " sC 


The usefulness of the concept of 


TABLE 1. 


and 


* Exact ’ 


the K-amplifier in the 


common-collector 
The expressions are in terms of 
Jw), 


by inspection. 
Table 3 applies to thermionic triodes and is easily derived 








from Table I, simply by letting ry’ 
(3) Ze by Zex, Za bY Za/(u’ + 1) and z” by Zac/(u’ + 1) 


common-base configuration is here illustrated by the fact 
that the z-parameters, for example, may be written down 


0, and replacing 


By utilizing the information on the relative magnitudes 


Z. Y and H parameters for transistors 
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(For assumptions see equation (4)) 
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of the elements of a particular 
equivalent circuit, consider- 
able simplification is possible. 


For example, in pentodes 
usually, Car “< Cex, and hence 
Za Zex. This may simplify 


some of the 
Table. 3. In 


expressions in 
transistors the 


following assumption may 
very Often be made: 1/ rag. 
J ~C.> C/K (= Ce), 


l/ 2. roy’, also g. and g, are 
of the same order of magni- 
tude, while K is a large num- 
ber (varying from say 500 to 
10 000). Thus Za, Ze, Ze and rov’ 
are usually at most no more 
than one order of magnitude 
removed from each other. 
Thus the following (not neces- 
sarily mutually exclusive) 
expressions will hold 


K> 1 + (za/z’) (4a) 
K > |Ze/ Ze (4b) 
Pov (Ze Za + 2c) 

K ; 
Ze (Ze Za 
(4c) 
: ry (Ze cd Zc ) 
K = - 
(4d) 
K > Ze 
\Zo + 24 
(4e) 
K> = 
(rev Ze) 
(4f) 


Accordingly Table 2 gives the 
approximate expressions [for 
the z, y and / parameters 
for transistors; the bracketed 
numbers indicate which of 
the above assumptions were 
made in the derivation of the 
particular parameter 
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A Very High Speed Precision Tachometer 


By J. 


The development of new high speed counting tub. 


it is used mainly as a tachometer it may also be 


K. Goodwin*, A.Inst.E. 


s prompted the design of this instrument. Although 
used as a general purpose frequency measuring 


instrument of high accuracy. 


1954 Bland and Cooper’ described an integrating 
type of tachometer capable of reading up to 80 000rev 
min in two decade steps 

After gaining considerable experience with this tacho- 
meter it was decided to develop another similar instru- 
ment which would be portable and as small as possible 
consistent with ease of servicing. The first tachometer was 
housed in a console as part of an installation. 

Since the first tachometer was built new counter tubes 
have been developed having a maximum counting rate of 
20 000p/s. The instrument in this article will 
count up to 40 000rev/ min 
with the extra decade step 
giving 400 000rev / min. The 
tachometer has been de- 
signed bearing in mind that 
it is possible to use the in- 
strument for  nmumerous 
applications The — instru- 
ment may also be used as a 
counter, counting up to 
20 000p/s to an accuracy of 

Ip s or 200000 10p S 
and for counting random 
pulses over any time period 


described 


up to a maximum numbei 
of 999 999 An external 
timing circuit can be used 


with the instrument to pro- 


vide counting for periods 
other than the | and 2sec 
provided by the internal 


timing source. The circuit 
operation is still exactly as 
stated for this latter The accuracy limitation ts in- 
herent in this type of counting equipment because of the 
necessity for sampling the input signal by means of some 
form of gate 


use 


Basic Operation 

The overall circuit Operation is very similar to the 
previous tachometer. Briefly the operation is as follows: 
input pulses are applied to a gating pentode, controlled by 
an accurately known timing source. The input pulses from 
the gate are passed to a series of Dekatron counting tubes. 
After the pulses have been displayed on the counting tubes 
for a certain time, the Dekatron * glows’ are returned to 
zero ready for the action to begin again. The circuit will 
be described from the block schematic diagram shown in 
Fig. | 


INPUT AND LIMITING STAGE (Fig. 2) 

The requirements of the input circuit are as follows: 
the input voltage shall be reasonably low in order that 
the instrument will be versatile and not normally require 
external pre-amplifiers. The input impedance must be high 
over the entire frequency range covered by the instrument. 

A double triode (Vs) is used for the input amplifiers, 


* The Brush Electrical Engineering Company Limited 
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The complete 


one half as a class-A amplifier and the other half as a 
cathode-follower. The overall response of Vs is 3dB down 
at 1-6c/s and 180kc/s. A minimum input of 1:5V_ peak-to- 
peak is required to operate the counter. The maximum 
input voltage should be limited to 10V. Ry is included in 
the circuit in order that the signal source is not loaded 
should V., be driven into grid current by excessive input 
voltage 

Vax is RC coupled to Vx, and operated under near cut-otl 
conditions as a cathode-follower. The output from the 
cathode-follower is positive going and feeds a Schmidt 
trigger which produces a 
rectangular wave with a 
very short rise-time. 

In order to produce a rec- 
tangular waveform of very 
short rise-time it Is necessary 
that the trigger valve is 
driven hard into its unstable 
state, that is grid current is 
drawn by Vo. and by \ 
during the period when the 
circuit is changing trom its 
unstable to its stable state. 
[he action of the circuit is 
as follows: in the stable 
State it is arranged so that 
Voa is cut off by the voltage 





developed across R- and 
Voy IS conducting 
Resistors Rs and R;; torm 


a potential divider so that 
when Vo is cut off then the 
grid of Vs» is at cathode 
potential and taking a small amount of grid current. 

As the cathode potential of V.» rises it takes the grid of 
Vox with it and at some point during this rise the grid 
potential Of Vo, becomes sufficiently positive to allow Voa 
to conduct; as Vo, begins to conduct the voltage across R, 
increases and the grid voltage of Voy falls. The action is 
cumulative and continues until Vo, can no longer conduct 
and it becomes cut-off and Vou is conducting. 

It will be clear from Fig. 3 and the circuit description that 
the width of the output wave from the trigger will vary with 
the input pulse width and amplitude. This is of no import- 
ance however, since the output from the trigger is differen- 
tiated by C»R;; and the negative going pulse is removed 
by the shunt diode across R:;. Then the output is fed 
directly to the gating valve; or the output is fed via C2; 
and Rs« when the trigger output is connected to the scale of 
ten divider. In the latter case, however, the negative pulses 
are used to trigger an Eccles-Jordan divider, the positive 
pulses being removed by the diodes in the binary dividers. 

The rise-time of the rectangular wave from the trigger 
is approximately Iusec. By switch selection the output 
from the trigger can be fed to either the scale of ten divider 
or direct to the gating valve. 


SCALE OF TEN DIVIDER 
The divider consists 


tachometer 


of four Eccles-Jordan binary 
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dividers connected in cascade, this arrangement gives a 































division ratio of 16. By suitable feedback loops the divi- ’ 
sion ratio is reduced to 10. The circuit will operate up to a 2 g 
maximum frequency of 500kc/s. When the divider is operat- ?l58 
ing correctly the operating code is as follows: a: 
(0) 0000 (5) 0101 z2 
(1) OOO] (6) O110 
(2) 0010 (7) O11] z 
(3) OO11 (8) 1110 g 
(4) 0100 (9) 1111 a 
Where the left-hand digits represent the number of input 3 
we 
/ Voq Grid wavetorm x 
a2 
f \ » Anode waveform “3 
! | 
mantle d L 4 
Fig. 3. Grid and anode waveforms of ¥ Zw 
S< 
pulses and the right-hand row represent the valve or valves ° 
which are conducting for a given number of input pulses. 

From the input and limiting stage and the scale of ten ‘4c a 
divider there ts now a series of pulses corresponding to | 72 ae 
either the input signal or one-tenth of the input which - Z ; dt oy -) 
can be fed into further stages of the tachometer 28 o . puted att eH 

as ro 5 eae 8° 
TiMinG PANEL (Fig. 4) | pow XE JR al 2. 

The purpose of this unit is to provide accurate timing | paw Sid fy: { Vey -3 ag t a 
pulses for operating the gate. | | e ¢ Ree - $8 § eel o> 

The accuracy of the whole instrument depends on this || g& 0 on 3 WWW = 
unit and it is of paramount importance that it is unfailing {| ee 9 | os T one a3 . 
in its accuracy and reliability. WV 8 } WA” ge & 

The whole unit has been completely re-designed, a | | —t >» °5 & 

) g | g - - 
10ke/s crystal is used as the frequency standard instead | an edie © ae _ i *3 - 
of a 100kc/s crystal which was previously used. This | «& 8 | Wave se 
simplifies the divider considerably and reduces the number | pw ON —t— — eg |* = = 
of valves used in the unit. rr & =. dip * ee ez a > 

\ variable-mu pentode (V\,) is used as the drive source 2a RU = ry | 3< 
for the crystal. The output from the valve is amplitude | “8 }9 
controlled by means of a voltage developed across a crystal ae 
diode. The stage is Operated at a very low voltage (SOV) || 0% 
as well as. having the amplitude control to prevent the | cm a 
crystal being overdriven and damaged. Cy, is used to * pull’ ied 40 
the crystal to an accurate 10kc/s; this is necessary since =2 
the crystal is cut to an accuracy of 0-005 per cent and this 
tolerance would cause inaccuracies particularly at high i ite 
frequencies. The crystal frequency being set up with the oo e) 
aid of a valve maintained tuning fork. | Spee - 

The output from the crystal oscillator stage is ted into dine st 4 Tf; e . 
the cathode-tollower to prevent loading of the oscillator | 3% aX 1) 3 
This cathode-follower drives an amplifier which is nor- } <8 IN, | $3 
mally conducting hard. Positive going pulses from the ree 5? 
anode of Vj cause Viex grid to rise and Via conducts. . ae 
Negative going pulses from this valve drive the first Deka- 3¢ 
tron divider, a high speed type Ericsson GC10OD dividing a — wt 
from !0kp/s to Ikp/s. Three sub-miniature Dekatron tubes : ae 42 
reduce the Ikp/s pulses to 100p/s, 10p/s and Ip/s. In the cla és a&9 
future it is hoped to replace the hard valve coupling be- ] gs F t 7 + 
tween the GCIOD’'s by trigger tubes to reduce h.t. con- re | 7 iy? ei x 
sumption and heater current. Bw. tim Gps. | “es > 

Pulses of Isec duration from the last divider (V.2;) are fed ss 3] 3¢ : t = —Vh* s 
either direct to a one-shot multivibrator (V2;) pulse forming s| <8 | > 1326 _H—w13 3 §¢ 
stage. or through an Eccles-Jordan divider (V2) and then to saa Jd 3 «<2 dt J -° « e 
the multivibrator. Thus pulses of either | or 2sec repetition mie i 2 i 3s¢ s ‘a 3 “ $3 
frequency at a constant pulse width are available. This ot { “<3 = S aad °3 
unit will provide a very accurate frequency standard which en | {f ——H+4 
may be used for other purposes in the laboratory. nad : a ain 5°) 
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DekaTRON DispLay UNir (Fig. 5) 

The display unit has five Dekatron tubes arranged in 
cascade. When the timing period is 2sec then it is possible 
to count to 40000. The limit being set by the maximum 
speed of the first Dekatron. Negative going pulses from the 
anode of the gating valve are fed to a 30usec one-shot 
miultivibrator. The anode of Ves will go negative for the 
30usec period, this pulse is fed into a GCIOD high speed 
Dekatron. The maximum operating frequency for this tube 
is Stated to be 2 000p/s which represents a periodic time of 
50 therefore the pulse forming multivibrator (V.:) 
must produce a pulse width of less than 50usec in order to 
secure reliable running at a maximum speed 

The final cathode of the GCIOD (V2;) is fed to a triode 
connected Z77 (Vx) biased to eut-olf. The output from 
V.. which consists of 140V negative-going pulses, with a 
maximum p.r.f .of 2000, is fed into a GCIOB Dekatron 
(V..). This Dekatron is coupled to a third. (V3)) by a trigger 
tube Vy arranged to operate as a self quenching tube, so 
that it is extinguished after each input triggering pulse 
The last two Dekatrons. Va, and VV, are coupled 
GG TEI75M tubes, V» and \ 

In order to return the Dekatrons to the zero position at 
the end of each counting and display period, it is neces 
to make the ‘zero line’ positive with respect to earth 
for a short period. The guide electrodes of the Dekatrons 
are all returned to a common line, the zero line. By making 
this line positive all these electrodes are made positive with 
respect to the final cathode and the * glows’ are returned 


see. 


D\ 


sary 





normally biased to cut-off and with the application of a 
positive pulse to its control grid derived from the auto lock- 
ing stage (see below), the thyratron conducts, discharging a 
_ in its anode circuit. A large pulse of 
; raising the zero line some 100V 


large capacitor, Cs 
current flows through R 
for 20msec, thus 

to the zero position. 


positive returning all the Dekatron 
‘glows’ 

Provision has been made to use another display 
remote from the main instrument. It consists of a unit 
identical to the display unit described above, with the 
exception of the re-setting thyratron. The thyratron (V2) 


situated in the main counter is used to reset both units 


unit 


AUTO LOCKING AND GATING UNIT (Fig. 6) 


In order that the instrument can count a series of pulses 
for a given time, some form of gating circuit must be used. 
After the counting period, in this case either 1 or 2sec, the 
gate must be closed and remain closed for a sufficient time 
to enable the display to be read. When the display period 
is complete the Dekatrons must be returned to the zero 
position, so that the action can be repeated. 


The display time is made a variable period of either 5, 
lSsec (§.) to suit different operators and uses to 
which the instrument may be put. A push-button is also 
fitted so that instantaneous counts can be made. So that 
the push-button can be used the delay circuit controlling 
the display time must be switched out of circuit (S;) thus, 
after the count has been taken, the display will remain on 
the display tubes until the push-button is again pressed 


10 or 











to these cathodes. A tetrode thyratron Vx, (2D21) 1s when the tubes will be returned to zero and automatically 
TABLE | 
AFTER AFTER AFTER AFTER 200msF« 
VALVI INITIAL STATES Ist GATING 2ND GATING DELAY PERIOD DELAY TIME FOR 
PULSE PULSE oF 5, 10 or 15 sec ZEROING DISPLAY 
\ ON OFF Positive pulse ON ON Stages locked ON 
through C, by bias on V,. 
does not oper- suppressor 
ate V, but from V,, 
ensures if is in 
its Correct state 
\ OFF Gate shut ON Gate open OFF Screen falls, | OFT OF! 
negative pulse 
through Cc, 
changes V; to 
its unstable 
State 
\ OF! OF! ON Pulsed OFF OFF 
V, ON ON OFF V, suppressor | OFF ON Removes lock- 
biased to cut- ing bias from 
off by bias on suppressor of 
Via grid Vv, 
Vy OFF OFT ON ON OFF 
Vx OFF OFF ON Delay period OFF Display period OFF 
completed 
Vs ON ON OFF Ditto ON Ditto ON 
¥.. OFF OFF OFF ON 200msec delay OFF 
Vea anode instantly 
rises firing the re- 
setting thyratron 
Vab ON ON ON OFF Stage initiated ON 
by a negative 
pulse from V;, 
anode 
V; OFF Controlled by | ON OFF Gate shut OFF OFF 
V; 
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count 


iS taken 


a new The push-button §, is normally 
the lower position as shown (Fig. 6) so that capacitor ¢ 
is charged to —1!0SV. When the push-button is pressed 
Veo grids are driven negative starting the action of the 
200msec delay and the circuits associated with it. 
rhe unit consists of two pentodes (V; and V.) connected 
an Eccles-Jordan trigger, the gating pulses from the 
liming unit initiate the circuit action on the suppressor of 
\V; and the centrol grid of V.. V; and \ short 
pressor base pentodes type 61 
§,; selects the gating pulses, 
(INT) external (EXT) 
is locked open so 


in 


a» 


are sup 
these can be either internal 
“OFF position, the 
that random pulses can be counted 
an indefinite period of time 

With the switch § the INT position positive pulses are 
fed through R limit the peak current through the 
germanium diode shunting R», this diode removes the nega 


or or, in the 


gate 


ove;r 


in 


Lo 


live going pulses produced by the differentiating action 
ol ¢ and R 

V. 18 biased to cut-oif coupling V» to Vy, an Eccle 
Jordan trigger is used to lock V>» in the off or non 
conducting state ‘ 

V. and V. are two one-shot multivibrators connected ‘n 


series. V, 1s a variable delay valve providing the delay cf 
5. 10 or ISsec for the reading time of the display. The 


actual delay time for the reading depends on the interval 
between the timing pulses. The multivibrator V, is actually 














cut-off bias on the suppressor of V, is removed and the 
circuit is returned to a state ready for the next series ol 
pulses to be counted. The complete action of the unit ts 
shown in Table 1. 
PENTODE Gatt 

4 short suppressor base pentode is used for the gating 
valve. The operation of the gate is controlled by the sup 
pressor grid which is normally biased to cut off; the 
bias being produced by the control grid of Vo. When \ 
and V2 are changed over by the application of the first 


timing pulse V. control grid rises to earth potential and the 


bias is removed from the suppressor cf \ The valve can 
now Operate as a normal amplifier 

Input pulses from either the input limiting amplific 
or from the scale of ten divider are fed through the block 
ing capacitor Cx» to the cont grid of \ The control 
grid is biased beyond cut-otl tor two reasons, firstly to 
prevent a pedestal being formed in the anode circuit as the 
suppressor bias is removed, and secondly, to suppre 


The spuriou 
suppressing the division 


spurious pulses from the scale of ten dividet 


pulses are-predticed as a result ol 


ratio from 16 to 10 by the feedback loops. These pulses 
ire accentuated by the differentiating action of C»,R 
They are, however, of smaller amplitude than the main 


signal and can be effectively removed by biasing the 


trol grid of \ 


con 


beyond cut-oil 
































set for 3, 8 and 13sec so that in the 2sec timing period When the suppressor bias is removed the grid signals 
the actual delay is 5, 10 and ISsec: while in the case of the are passed to the anode circuit and hence to the display 
lsec timing period it is 4, 9 and I4sec unit.. After the timing period V,; and V. change over and 
VY. provides a 200msec delay during which time the Ve control grid is biased to cut-off and therefore so is \ 
Dekatrons in the display unit are returning to .zero suppressor and the control grid signals are blocked from 
After this 200msec period V, is switched over and the _ the display unit 
Fig. 7. Power supply 
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POWER SupPLy (Fig. 7) 


The power supply is in two sections. 

(la) providing 300V at 100mA. (1b) 420 to 450V. 

(2) 105V_ bias supply 

The 300V supply is stabilized against variations in mains 
supply voltage and has an output impedance of approxi- 
mately 1{2, so that no interstage decoupling is required. 
The 450V supply is unstabilized and is used to supply the 
anodes of the Dekatrons. 

The 105V negative bias supply is stabilized by means of 
Vi. (QS105 /45). The bias rectifier is a directly heated type 
Vy; (USO) so that the bias supply is available before the 
supply to prevent damage to the valves in the 

A relay is also incorporated in the supply to 
a short-circuit line in the counter or 
a failure of the bias supply. In either case the relay will 
not Operate and the main h.t. power supply cannot be 
switched on. An indicator lamp is connected across a pair 
of relay contacts so that when the bias is on the indicator 


main h.t 
main unit 
guard against either 


lamp is lighted 


Performance and Operation 

The reason for using a two second timing period may 
seem obscure without reference to Bland and Cooper'. 

In order to measure the speed of rotating machinery a 
slotted rotor having 30 teeth evenly spaced around the peri- 
phery rotates within a stator also having 30 slots cut into 


its inner edge. The rotor is coupled to the machine shaft; 


An Internal Defibrillator with 
Current Measuring Facilities 


B.Sc.. Ph.D., A.R.C.S., 
B.Sc., Grad.Inst.P. 


By B. J and 


mR. 'E. 


Perry*, 
Trotman?, 


HE principle of giving a substantial shock to the exposed 
heart to stop ventricular fibrillation has been known for 


some time'’. Originally, short pulses of current of up to 
SA r.m.s. were delivered through the heart by direct con- 
nexion to the LISV a.c. power supply. Various improve- 


ments and additions to the basic method have since been 
made and are included in this design for the Westminster 
Hospital Group 


Basic Circuit 

The diagram of the basic circuit is shown in Fig. | 
Current pulses are derived from the secondary of the isolat- 
ing transformer 7 and are controlled in length by a foot, 
hand or timer operated contact S. Current control is by the 
variable there being a small value fixed resistor 
R.in the secondary circuit at all times: The secondary volt- 
age of the transformer is 120V r.m.s.and the transformer is 
rated to give an output ol duration 
to a maximum r.m.s. value of 5A 

‘rnative to providing a-variable resistor R; to 
the primary of the 
similar 


resistor R), 


one pulse of 0-2sec 
every second 

As an alt 
vary the average current during a pulse, 


isolating transformer can be fed frem a variac or 


device or the secondary of the transformer can be provided 
with a series of voltage tappings and the pulse current is 
varied by tap switching 


Current Measurement 

m.s. current passed during a pulse can be 
moving-iron or moving-coil 
The usual pulse 


The average 1 


measured on a conventiona! 


ammeter if the length of pulse is sufficient 


* Formerly Westminster Hospital. now St. George's Hospita 
+ Physics Department, Westminster H 
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when the machine is rotating the capacitance change from 


the transducer frequency modulates an oscillator and the 
resulting frequency change is converted by means of a 
discriminator. to voltage pulses corresponding to 30 per 
revolution. Hence by counting over a two second period 
a direct reading in revolutions per minute is obtained. 
Although the chance of requiring to measure above 
40 000rev/min is remote the extra decade multiplier has 
been found very useful for general laboratory work. 

fhe instrument was constructed as a number of plug-in 
units. Each unit is as shown in the theoretical diagrams and 
fits into a framework inside the enclosing cabinet. The 
overall size of the cabinet being 10in high, I4in long and 
Sin deep. Ventilation being by convection only. 
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length is, however, of the order of 0-2sec and an ammeter is 
unsatisfactory. A simple valve memory circuit has, there- 
fore, been devised which measures the peak value of current 


ae a 
ao 6 3 
| sf 


| 
.. Se 


Electrodes 


- 


4 ~A——_—_ 


Fig. 1. The basic circuit 





pst fj 


Fig. 2. The principle of the corrent measuring memory circuit 


rd 


The timing device 


T 
+. zt Fig. 3. 
i 


during a pulse and is calibrated in terms of the r.m.s 
of current passed during the pulse. 

During a pulse the capacitor C, (Fig. 2) is 
through the diode V». and the contacts A» from the voltage 
developed across Ry. Contact A; shorts C ensuring that no 
charge remains on it. At the end of a pulse contacts 4» and 


value 


charged 
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Fig. 4. The complete 
A; are released thus allowing the charge on C; to be shared 
with C2. The resultant voltage across C; and C, is measured 
by the valve-voltmeter formed by V\, and V;, and meter M. 
The meter M (imA f.s.d_) thus gives a measure of the peak 
current of the pulse, the meter reading being adjusted to give 
a full scale deflexion for a current of 5A-r.m.s. through 
R,. Rs provides a diode load and also allows some of the 
residual charge on C,; to leak away during a pulse if the 
peak current of the pulse is much lower than the peak 
current of the previous one 

The meter gives an indication of pulse current imme- 





internal defibrillator and accessories 


Fig. § The 


diately after the pulse has occurred and will hold this read- 
ing for some time due to the large capacitance of C, and 
C: (now in parallel) and the low value cf grid current ot 
Via. About 4 per cent of the full scale reading is lost in 
10min. The zero stability is good due chiefly to its balanced 
arrangement and the high level of output voltage corre 
sponding to full scale deflexion. If zero adjustment 1s neces- 
sarv it is achieved by altering the setting of potentiometer 


Ry 


Timing of Pulse 
The optimum ti 
almost impossible 
when using a hand or 
to have some sort of timing device 


of pulse required is 0-2sec and it Is 
to judge that order of time accurately) 
foot switch. It is therefore desirable 
The time of application 
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circuit 


V, 6ALS 
0; A, won 
94 MWA\-9-———- 2 
[ “7 
‘ OOD 
< R, +-—Tra c <S 
S$ 680k0"" 2 2 
< tpF | ipF 2 
- - -_ 
bs 
220k 
220k 
2MQ 
, 
diagram of the instrument 
may be conirolled as here by an RC circuit (Fig. 3), or by 


a slugged relay‘ or a clock controlled switch, depending on 
the length of time required 


The Complete Circuit 


The complete circuit of the defibrillator is shown in 
(Fig. 4). The foot or hand switch § operates relay A. Con 
tact A; completes the secondary circuit and the current 


passes to the patient. Contacts A» and A; operate as before 
The length of pulse is defined by relay D. This ts normally 
on due to the connexion via the back contact of changeover 
contacts A;. On pressing switch § the charge on capacitor 
C,; begins to decay and the time-constant C; (R D) 
arranged so that relay D remains on for 200msec after relay 
A operates. When relay D releases, contact D,; opens the 
transformer secondary circuit and contact D 


1S 


prevents ( 


discharging through Rs, during the time that relay D 1s 
released, but A, not yet opened 
Relay B is an overload relay adjusted to operate at a 


The operation of this relay brings on 
The contacts of relays B and ¢ 
is fully held on before B is released 
and the primary circuit of the transformer opened. This 
arrangement ensures that there contact and | 
a precaution against relay chatter and premature and un 
certain operation 
immediate use 


pulse current of SA 
the locking relay ¢ 
arranged so that relay ¢ 


are 


is no race 


Reset switch RS prepares the circurt for 


The neon indicator 1) lights whenever a pulse is passed 
and L. indicates an overload 

The whole apparatus ts shown in Fig. 5 including the 
large curved electrodes and both a hand and foot switch 
These accessories are attached to the instrument by pt 
leek plugs and seckets 
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VIBRATO CIRCUITS 


for Electrical Musical Instruments 


By Alan Douglas, M.I.R.E 


The judicious use of vibrato enhances the value 


how electrical er mechanical devices attempt to provide some, a 


, M.Amer.1.E.E. 


of many musical sounds. In this article it is shown 


t least, of the characteristics of this 


embellishment 


GOOD 


meant 


misconception eXIsts to what is 


A tremolo. further 


fusion because the stop causing this effect is called a tre- 


deal oj as 


by vibrato or There is con- 


mulant on a pipe organ. From a strictly musical point of 
view, vibrato means a form of frequency modulation while 
tremolo 1s not a modulation at all, but'a rapid reiteration 
if a note without any change in pitch and without specific 
eference to time. This is often accomplished on the violin, 
for example, by rapid up and down bowing 


he tremulant on an organ is a corruption of the word 
introduced by the French who were the first 
1 


tremblant 


a mechanism to cause a regular cyclic change 1 
In present day practice, the apparatus pro 
and intensity 


to apply 
vind pressure 


duces both trequency changes: it 1S a true 
vibrate 

although some writers refer to tremolo 
in intensity modulating system for an electronic sound 


ource, it does not produce a true musical tremolo which 


Iherefore. as 


may be-—and often is—a series of quite discontinuous 
rotes 
It is evident that tone sources, the frequency of which 


not readily varied, such as vibrating reeds and constant 
speed rotating generators, may have to put up with a form 
if tremolo if a waver in the sound is required 
bad thing: it never in natural 
ind while at first it may seem to soften the 
tamed the invariable rate of revetition and the con- 
Stant depth of switching soon takes control of the sound 
which becomes domineering and aggressive because of the 
monotony. 

We can disregard this type of level modulation and con- 
vibrato. This origin in emotional or 
biological tremors and is musical asset of the greatest 
value when properly applied. Indeed no orchestral or vocal 
can exist without some contribution from vibrato 
Too much space would be occupied if the whole process 
of the pschycological evolution of vibrato was analysed’, 
but the following should be noted as essential attributes 


This isa 
sounds 
a sus 


thoroughly occurs 


»ft 


efiect ol 


note, 


centrate on has its 


music 


(1) For preference, both frequency and intensity should 
be altered, 


+ 


(2) The rate of vibrato is roughly proportional to the 
frequency of the noted played 
(3) The intensity should be related to the loudness of 


the note. 
(4) Powerful sound sources do not 


the application of vibrato. 


lend themselves to 


The foregoing are equally applicable to the singing voice, 
although this does not concern us. The full beauty of 
vibrato is exemplified by a solo violincello, the greatest 
abuse by the cinema organ played ‘all out’ with tremulants 

Related to vibrato but quite separate is the choir effect 
due to many sounds of constantly changing phase heard 
simultaneously; and the voix celestes and unda maris, a 
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strictly pipe organ effect employing two complete ranks of 
pipes having each pair (sounding the same note) tuned to 
give a beat of one or two per second with each other. These 
elusive and romantic effects cannot be synthesized elec- 
trically, or only at very great expense, although they are 
to some extent present in electronic organs having quite 
independent oscillators for each note; such instruments 
have therefore richness of tone quality than 
organs using frequency division or mechanically linked 
generators. 

We have, then, to make the best of frequency or phase 


a greater 


modulation in one form or another. Great though the 
value of vibrato is to orchestral or vocal music, it is of 
even more value with electronic tone generators. These 


have (except for certain very advanced monophonic instru- 
ments) a steady waveform and a steady harmonic content 
for any one note at any instant. Vibrato smooths the har- 
monics and modulates the waveform, thus greatly modify- 
ing the tonal presentation. Against this must be offset the 
fact that an electrical vibrato is not progressively and con- 
tinually adjustable, except in certain instances*”: therefore 
caution is required in applying this effect, but this would 
be expected from a musical standpoint. 


It is conceded that a modulation rate between 5 and 
8c/s is most agreeable, and that vibrato should not be 
applied to notes much below 130c/s. This is because of 


the dissonance associated with low-frequency beats‘. 

rhere is no general agreement over the depth of vibrato: 
since with a tremolo there is no deviation from pitch, this 
may be very intense; but with the frequency excursions 
due to vibrato, too great a swing is unpleasant. Occasionally 
this may be noticed in vocal music. It would appear that 
about 10 cents or one tenth of a semitone is a reasonable 
pitch deviation, and if this is not proportional to the 
accompanying changes in level, the latter can be quite con- 
siderable; but a true frequency modulation can be effective 
if there is no change in level at all. It all depends on the 
application. 

Taking the simplest case first, most forms of multi- 
vibrator are susceptible to frequency change if the h.t. line 
voltage is varied. Fig. 1(a) shows such a circuit, suitable 
for a monophonic instrument. If the anode supply to one 
half of V2 is fed through the potential divider formed by 
R, and R, in the anode circuit of a low-frequency oscil- 
lator, the supply to Rs; undergoes a cyclic variation and 
vibrato is produced at the output C;. The depth of modula- 
tion is adjusted by varying the ratio of R; to Re, but in 
such a circuit R» forms part of the frequency determining 
circuit of V, and hence cannot be altered to change the 
degree of vibrato. If this condition is required, the vibrato 
oscillator must be isolated from the tone generator by a 
valve as is Fig. 1(b). In this instance the cathode current 
is modulated but the vibrato generator may be switched 
to several rates or degrees of modulation without affect- 
ing the tuning of the tone generator. 
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Oscillators used to generate the low-frequency vibrate 
voltage should have a symmetrical and smooth waveform 
Phase shift circuits are very suitable. It will be appreciated 
that square and other steeply rising waveforms may them- 
selves modify the waveform from the tone generator. A 
sine wave is desirable. One such circuit’ which is parti- 
cularly good is shown in Fig. l(c). This has the advantage 
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Fig. 1. (a) Tone multivibrator with vibrato 
(b) Vibrato circuit with buffer valve 
(c) Phase shift vibrato oscillator 


that d.c. modulation can be carried out in the cathode circuit 
of Ve, so that grid bias control is available for other kinds 
of oscillator; for example that of Fig. 2. 

This type of oscillator may be adjusted to be little in- 
fluenced by normal changes in h.t. line voltage, so that 
grid modulation is the most effective method of applying 
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vibrato. If the grid resistors are connected to the switcl 
at the point marked X in Fig. I(c), vibrato may readil\ 
be started or stopped without any change in the steady 
frequency. 

Such a system can be used in a musical instrument en 
ploying frequency dividers, since the dividers are locked 
too tightly to be directly influenced by vibrato circuits. It 
does, however, lead to the condition common to most elec 
trical musical instruments that the one vibrato frequency 
is applied over the whole compass. This is not compatible 
with the ellect as employed by orchestral players, whet 
the rate of vibrato varies with the frequency. As is well 
known, the multiple phase changes brought about by supe: 
imposing the many vibratos leads to an extraordinar 
richness of tone. It is evident that one cannot economicall\ 
have an-infimtte number of such phase variations, althoug! 
it is quite feasible to provide vibrato generators for each 
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Fig. 2. LC tone oscillator with vibrato switch 


octave from tenor C upwards; each oscillating at a slightly 
different frequency. 

A considerable step forward was taken by Hanert in 
designing the line vibrato circuit® of Fig. 3. While the 
delay from the static line does vary linearly with frequency 
it is further modulated by a scanning element in the form 
of a variable capacitor having 16 fixed sections connected 
to selected parts of the line, with a single set of rotating 
vanes operating at 412 rev/min. The signal is retarded in 
phase by each line section and each group of sections ts 
modulated by the rotary scanner so that the whole line is 
scanned in about 1/l4sec. This rate of change causes about 
1-5 per cent decrease in frequency and this is constantly 
low to that extent so long as the capacitor is rotating at 
a uniform speed, Switching arrangements permit of the 
whole, half and one third of the line being scanned at will 
thus altering the depth of vibrato. 

While the effect from this current is much more realistic 
than that from fixed frequency vibratos, the most interest 
ing result arises from mixing some of the signal through 
the line with some of the signal before it has been applied 
to the delay line. An extremely complex system of small 
amplitude beats is thus set up, and some approximation 
to a true chorus is obtained; since no one can tell in 
advance the phase relationships of the generators at the 
instant of keying the signal. In the present state of the art 
this arrangement is less tiring and much less cyclically 
evident than any other electrical vibrato system for poly 
phonic instruments. 

As stated above, some tone systems cannot be frequency 
modulated owing to their inherently high stability and in 


ELECTRONIC ENGINEERING 





1958 


















































































































































































































> 
x 
< 
Vas Opesqua say depq “¢ ‘414 = 
Z. 
SP Se SE SE ER eae mma, < 
- 
F 
é¢ 
| a 
D 
@') Og Oe); = 
| 
, > 
| Bad 
|Pe— 
|BE® 
BoA, “ 
La | 
| I: a — | | | oo a 
5 AG te | | W3IdIIdWv3aud 
| y : ae | 30 G1Yud 
ia | Y S3iV1d J 
YWOLIOvdv> 
pp AdWNOILv1s “4 
| Bo . 
~320, NI 
—— uoitsvaw | = 
| ie —" | BN \ WOLOd x 
=. $ = € | nT 
j ~~ 
t _ Tt ’ ee . 
—— — i * 73 7 " iT Z 
T = _— 4 | | > 
” | ~ 
| NOWLISOd NI z NOILISOd NI € NOLLISOd Ni — : | a 
3SO1D SLDVINOD 3S3HL 39019 SLDVINCO 3S3HL = 9S01D SLDWINOD 3S3HL | 
= — ne ee — J 
mET ou Y3INNWOS 





ELECTRONIC 






———— To bass channel and phase splitter 


+ 240V 
? 




















—0+280V 
2 270k 
6SL7 . . 
¢c | 
OOwF OOF 
| | OOlpF 
+ 
560kKQ > 
—- ' | } 
25yF 7 
| < < } 
twre ee . © 7 
L | j2majmo 
~ + mone 
_joo2aF! | 
a 
= 


Fig. 4. Wurlitzer vibrato circuit 


such cases a circutt which can be applied after the genera- 
tor may be very useful. There are now many circuits for 
producing a phase shift proportional to frequency, but the 
arrangement used in the later Wurlitzer instruments is 
interesting. Free reeds do not appreciably change their 
pitch with a change in wind pressure, this being taken 
advantage of in the ‘expression’ stop in harmoniums and 
the Mustel reed organ. This stop disconnects the wind 
reservoirs anc puts the reed chests in direct communica- 
tion with the bellows. Thus by ‘expressive’ pedalling, the 
volume can be regulated from a whisper to full, without 
change in pitch: often to be heard from the Mustel reed 
organ in the Palm Court Orchestra broadcasts. 

In Fig. 4. which shows the Wurlitzer circuit, the signal 
is first divided so that notes below 130c’s are not modu- 
lated. With vibrato, the treble signal passes through the 
input valve to half of a 6SN7 connected as a phase invertor 
Again, the out of phase signals from the anode and cathode 
divide between the networks C. RywC; Ry: and C; Ru € 
Rx. These four circuits are connected by Cy Re; Cy Rig to 
form two output circuits. The phase-angle between each 
of these networks and the input voltage increases almost 
linearly with frequency S00c/s and 1Skc/s. The 
outputs of these networks come through Cy; Cu to the grid 
of the 6SN7 mixer valve, 90° apart 

The phase shift oscillator using half a 6SL7 (c) supplies 
V. through ¢ This is another phase invertor, the out- 
puts of which are connected through Cy Res Cu Ro to the 
grids of the 6SN7 mixer. The low-frequency signal thus 
controls the conductivity of the two sections of this 6SN7 
When section (1) is conducting, section (2) is nearly cut off 
The output signals are thus alternately delayed by about 
90°. This shifting to and fro between the two signals pro- 
duces an apparent !requency change to the ear. The output 


between 
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from the mixer is then fed to one half of the 6SN7 (B) 
feedback filter stage which cuts off sharply below 130c/s 
This is to prevent the phase-shift oscillator frequency 
from appearing as part of the musical signal. The modu 
lated signal then joins the bass amplifier and so proceeds 
to the output stage. 

It has often been suggested that a mechanical modulator 
be used at the actual loudspeakers. Such arrangements can 
be very effective if the mechanism can be so arranged that 
it does not interfere with the free sound field when not 
in use. Any such scheme must be based on the Doppler 
effect, the frequency f at the point of observation being 


1 
I i 


where V = velocity of sound in the medium 


V; = velocity of the source 
fs = frequency of the source 


The sound therefore rises in pitch if a rotating paddle 
is placed in front of the loudspeaker cone, and as this turns 
in the direction of the observer; equally the sound falls in 
pitch as the paddle turns towards the cone. Incidentally this 
is an instance where the frequency and the pitch ar 
not numerically equal. 

The Allen organ company used a loudspeaker rotating 
on an elliptical axis at the top of a long wooden tube, like 
a stopped organ pipe, for a long time. In their more recent 
installations, medium and high frequency units are rotated 
on a plane baffle’. It is clear that very fine control of the 
effect is possible from an infinitely variable speed motor 
The method is very successful, if cumbersome 

A scheme dating back thirty years is shown in Fig 
The signal is applied to the ‘ armature’ and removed from 
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the field windings. It is rather difficult to ensure that the 
degree of magnetic coupling is exactly the same each time 
the device stops, for unless this is so, the level will change. 

4 quite new approach to the problem of adding some 
chorus effect to a frequency divider organ is due to the 


. 





Fig. 5. Early rotary vibrato 
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Fig. 6. Waveforms of Baldwin system 


Baldwin 


produces 


[he signal is fed into a circuit which 
a three-phase signal from the input. This passes 
through a single sideband suppressed carrier modulator 
unit. The modulator contains an oscillator, which in effect 
determines the amount and the direction in which the 
original signal should be altered in frequency. Thus not 
only is frequency modulation applied but also, some degree 
of amplitude variation, 

As an example, a 375c/s note would be reduced by Ic/s, 


company. 


High Altitude Rockets 


4 Skylark high altitude research rocket was fired in dark 
ness at the Woomera rocket range recently. It reached a height 
ot 83 miles. It was the fourth of six proving rockets scheduled 
to be fired before the beginning of a joint programme of upper 

tmosphere research by the Royal Society and the Royal Air 
craft Establishment. 

The first three firings having shown the performance of 
the rocket vehicle and its Raven solid propellant motor to be 
very satisfactory, attention has been turned to trials of rocket 
borne equipment and instrumentation, as well as special ground 
equipment. Skylark No. 4 carried, in addition to routine in- 
Strumentation, the equipment for four separate high altitude 
measurements, each under test but complete and capable of 
making the required measurements. The four equipments 
were 

Grenades. Eighteen grenades each carrying about Ilb of 
explosive composition, to be ejected from the rocket at three 
second intervals above 100 OO0Oft altitude. On the ground there 
were microphones to record the time of arrival of the sound 
waves, ballistic cameras to record the positions in space of the 
flashes and a detector to record the instant of each flash. The 
experiment which is being made by University College. London, 
aims at measuring atmospheric temperatures and high altitude 
wind velocities. In this flight three different types of grenade 
were being tested, and the microphones, cameras and flash 
detectors were in use together for the first time. 

Window Cartridges Fourteen cartridges of window (well 
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a 750c/s note increased by 2c/s; a 1 500c/s note reduced 
by 4c/s: and a 3000c/s note increased by 8c’s. This 
continual phase and amplitude shifting over the compass 
(at least. from 200 to 4000c/s) results in a complex chang- 
ing wave pattern as in Fig. 6, which shows a string tone 
waveform as generated and when passed through the modu- 
lator unit. Such circuits add considerable richness to the 
tone quality. 

Monophonic or melodic instruments may be fitted with 
nore exact forms of vibrato control. In the Trautonium, 
for example, a liquid resistor in the form of a long tube 
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Fig. 7. Trautonium variable touch device 


can be depressed by the ‘manuals’, to form intinite 
gradations of volume and so, a vibrato. This idea holds 
great possibilities (see Fig. 7). Playing keys have been 


devised which can move longitudinally as well as up and 
down, such sliding action being used to control feedback 
) The 
monophonic instrument would appear to offer many oppor 
tunities for ingenuity in design here; but so far as poly- 
phonic keyboard instruments or those which must conform 
to strictly ippli- 
caticn of a true vibrato in the orchestral cr temperamental 


capacitors or inductors to regulate a vibrato voltage 


conventional design are concerned, th 


sense remains unsolved. 
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known in its wartime role as a confuser of radar) to be released 
explosively in two clouds at different heights above 100 000ft; 
these clouds were then to be followed by tracking radars. The 
experiment, devised by Imperial College. London designed 
to measure winds at altitudes up to 50 miles 

Dielectric Experiment. A section of the rocket nose was in- 
sulated frem the remainder of the body to form a capacitor of 
fixed value, This capacitor was made part of a 3Mc/s oscilla- 
tory circuit which can detect the presence of electrons in the 
ionosphere the results being telemetered to the ground. This 
very simple but ingenious method of measuring ionospheric 
electron densities. which has been devised by the University of 
Birmingham, will be more effective in later rockets which will 
penetrate further into the ionosphere. 

Pressure Gauges. Three Pirani pressure gauges were carried 
in the rocket cone, one measuring ram pressure in the very 
tip of the nose, the other two measuring cone wall pressures. 
These measurements, being made by the Royal Aircraft Estab- 
lishment, enable the undisturbed ambient pressure at various 
altitudes to be determined. 

Besides these main items of equipment, Skylark No. 4 
carried timing gear and switches, telemetry sender, power sup- 
plies, Doppler transponder and microwave beacon, the last 
two items being used for tracking purposes to give velocity 
and position. The flight was made at night for the convenience 
of the grenade experiment. The rocket nose, which carried a 
nayload of 130lb, was exhibited publicly at the Symposium on 
— Altitude Rockets and Satellites at Cranfield in June of 
ast year. 
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A Feedback Electrometer Amplifier 


By D 


Allenden* 


A.M.LE.E 


The drift problem in direct-coupled electrometers is discussed briefly, and a design for a direct 
coupled feedback electrometer amplifier which uses its inherent feedback loop gain to stabilize the 
electrometer valve filament supply is presented and described in detail. It is concluded that direct 
coupled amplifiers with zero stabilities of the order of a few millivolts per hour can be realized 


using economical circuits and simple 


NE of the major objections to the use of direct- coupled 
amplifiers is the existence of zero-level drift due to 
changes of effective heater-cathode potential. This problem 
is particularly acute in direct- coupled electrometers since 
the electrometer valve usually gives little, if any. gain, and 
hence drift in the second st ige of 


{ the amplifier ts as signifi- 
cant as in the first. The m 


agnitude of the drift is normally 
of the order of 10mV per | per cent change in heater 
voltage’, resulting in a probable total zero instability of 
20 per cent of f.s.d. in the typical case of a current measur- 
ing amplifier in which IV is developed across the input 
resistor. With a low gain input stage, variations of h.t 


supply voltage are more significant than usual, but there 
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Fig. 1. Outline circuit of amplifier L ~iSOV_ 


is no real problem here, since h.t. voltage stabilizers of 
adequate performance present no design problems. The 
drift figure quoted is commonly reduced by a factor of 5 
or so by the use of balanced stages: better results can be 
obtained by effective stabilization of the heater supply, a 
practice which has been little resorted to in view of the 
inconvenient voltage and current level at which the average 
valve heater operates. In the electrometer field, the only 
alternative amplifier is the vibrating-capacitor electrometer 
which may have zero drifts less than 100uV per day: the 
cost of this instrument, however, tends to preclude its use 
except in cases where this order of stability is essential 

There exists therefore a demand, particularly in the 
field of vacuum physics, for an electrometer with zero 
stability of the order of a few millivolts with greater 
linearity and calibration stability than can be realized with 
simple non-degenerative balanced circuits. The recent 
development of pentode electrometer valves such as the 
CV2348 (ME1403), which feature both significant gain 
and very low filament consumption (8-2mA at 1-4V), have 
made such electrometers not only practicable but realizable 
with considerable economy of valves and components. This 
article gives details of a 1 design of which some half-dozen 
examples have been constructed and which have given 
trouble-free service for Over a year. 


* Associated Electrica dustries Ltd 
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General Circu.t Arrangement 
OUTLINE OF OPERATION 


An outline circuit is given in Fig. |. The current to be 
measured- ts passed through a suitable high-value resistor 
and the resultant voltage drop amplified in a * ring-ot-threc 
amplifier. The electrometer valve, \ 
with an anode voltage of I5V and ts directly coupled to 
which ts in turn directly coupled to the 


feedback operates 
the second stage 
cathode-follower, Vs. V. anode 
8-2mA. so that feedback and filament supply to V, can be 
effected by including V; filament in \ 


current 1s chosen to be 


cathode resistor 






chain. A negative supply line ts necessary to permit cor 
+300V Vy : 
+ ° {: 
$ s i , 
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Fig. 2. The amplifier as a voltage stabilizer L 
Veet 
-!ISOV 


d.c. voltage levels to be established without sacrifice of loop 


gain 


ZERO STABILITY CONSIDERATIONS 


The factors which influence the zero stability ot the 
circuit are perhaps better understood by reference to the 
re-drawn circuit of Fig. 2. It is here seen that in the 
absence of input voltage the system is a degenerative voltage 
stabilizer in which the negative supply line ts the reference 
potential relative to which the voltage level of V 
is stabilized, and that V; filament is supplied from this 
stable source. A signal applied to V; grid changes the 
effective reference voltage of the system, so changing the 
output voltage. The fractional variation of V, filament 
current in the absence of input is, at most, about double 
the fractional variation of the reference line. The fact 
that this is a larger variation than would result from teeding 
the filament from the reference line is not of great conse 
quence, since the stability easily realizable is such that 
the residual drift is due to causes other than filament 
voltage changes. Furthermore, a direct filament feed would 
complicate the feedback arrangements and inevitably reduce 
the loop gain, although a successful application of this 
method has been described*. The filament current obviously 
changes when a signal is applied, but changes of this nature 
are systematic, and their effects are automatically included 
in the calibration; it is hence necessary only to ensure 
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Fig. 3. Electrometer amplifier 


that the allowable variation (+1mA) in nominal filament 
current is not exceeded. Adverse effects on valve life are 
thereby avoided. 


Detailed Circuit Description 

Fig. 3 gives a complete circuit of an amplifier with a 
full-scale voltage sensitivity of 2V, for measurement of 
ion or electron currents down to 2 x 10°-"A (f.s.d. 2 
10 “ A), though this does not represent the maximum sensi- 
tivity realizable with this design. 


ELECTROMETER STAGE 

V; operates with an anode voltage of 1SV and a 1M?) 
load resistor, and under these conditions a gain of at 
least 10 can be realized. Grid bias for V; is obtained 
by arranging that its filament sits some 2°5V positive of 
earth, the system being self-regulating. The screen-grid 
of V,, which for true pentode operation at zero frequency 
should have its potential fixed relative to that of the 
cathode, is fed from a tapping 6:25V above the filament. 
There is a small though insignificant amount of positive 
feedback inherent in this method of supply. Vi anode supply 
is taken from a potentia! divider to limit V; anode excur- 
sion should the valve be cut off. 


INTERMEDIATE STAGE 

With gain of 10 in V,, heater-cathode drifts in \ 
can be just significant if no stabilization or compensation 
is applied to this stage. V» therefore employs series-valve 
compensation’, a method which is one of the more suc- 
cessful of the available techniques. A 12AX7 twin triode is 
employed, one-half of the valve acting as anode load for the 
other. The two triodes have large degenerative cathode 
resistors of equal values, so that the stage consists essentially 
ol an equivalent generator of Output impedance (ra 


(| OR) feeding a load of the same value; a gain of «/2 
(~50) is thus realized in spite of the presence of R);. which 
is in any case necessary to maintain the correct d.c. level at 


V., cathode. If heater-cathode variations are the same in 
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both triodes, there is complete cancellation. In practice, 
this is unlikely to be the case, though complete cancellation 
can be realized by variation of V2, cathode resistor; with 
such adjustment, drifts as low as 150uV/h have been 
realized. Even without this refinement, the series compensa- 
tion technique is inherently better than most others; this is 
probably because the two triodes must operate at the same 
anode current and voltage, and their dynamic impedances 
are largely determined by the relatively stable (1 u)Ry 
term. 


OUTPUT 

V;, the output cathode-follower, is designed to operate 
at an anode current equal to the filament current required 
in V,, and its cathode load resistor is returned to a 150V 
negative line. The d.c. operating level of V; cathode is 
determined by the effective 8-ratio of the equivalent stabt- 
lized supply, and it is desirable to provide pre-set adjustment 
of this level. Any such adjustment is better located in the 
upper end of the cathode chain, since in this position it 
does not alter V; filament current; this is determined by 
the resistance of the lower part of the chain, and the 
components here (Ry, Rx») should have suitably small 
tolerances. 

The output meter is connected between the ‘ earthy” 
point of V,; cathode chain and earth. Since the § of the 
feedback loop is affected by the meter, and also since meter 


current is drawn through V; filament, a high-sensitivity 
(SOuA or 100uA) movement is desirable. In the circuit 
shown, provisions for meter reversai and insertion of a 


high-sensitivity recorder or external meter are included. 
The zero stability with the meter connected at this point 
is exceptionally good, since, for all variations other than 
those due to an input signal, the meter feed point is only 
a volt or so removed from the virtual earth of the stabilizer. 


INPUT CIRCUIT 
Input arrangements are conventional. A selector switch 
S;, which must naturally be of a high insulation type, selects 
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the desired measuring resistor. The earthy ends of the 
resistors are returned to the common line via a closed- 
circuit jack which enables calibration or backing off-signals 
to be introduced on any range. The whole input stage is 
enclosed in a light-tight screening box. The input cable 
capacitance can be driven from V; cathode, giving a signi- 
ficant improvement in bandwidth. The cable could be 
overdriven by taking the drive from a tapping on V; cathode 
chain somewhat above the filament, and this would allow 
the effect of the residual input capacitance across the resistor 
(not normally subject to feedback) to be reduced. Instability 
can result if excessive drive is applied, however, and its 
adjustment is likely to be critical. The residual capacitance 
can also be reduced to some extent by a guard-ring driven 
from V; cathode, and more elegant multiple guard-ring 
systems of greater efficacy have been described>, 

POWER SuPPL) 


The stability of the negative supply line is obviously of 
importance, since V; filament current and, to a large extent, 
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the zero stability of the whole system, depends on this. 
Since the current drain on this line is constant, the require- 
ments are met by a single high-stability reference tube. 

The single-ended circuit of the amplifier necessitates 
some consideration of the effects of positive-line fluctua 
tions if elaborate stabilizer circuits are to be avoided; thus 
the effect of a change of 1-5V on the + 300V line is just 
about equivalent to a I per cent change in V, filament current 
if its effect on V; anode potential is uncompensated. 

By arrangement of power feeds to V; and V2 such that 
small variations are largely self-cancelling, the power 
supplies may be simplified to the extent that ordinary 
gas-filled reference tubes give adequate performance 

Warming-up eflects also need consideration. Although 
V, filament can never be over-run, grid current can flow, 
particularly if the negative line voltage ts established before 
the +300V supply. Previous work with the CV2348 has 
established that such grid current is not harmful if limited 
The series grid resistor R 
movement is discon- 


to a few microamperes or so. 
fulfils this requirement. The 
nected during warm-up by a thermal delay switch 


meter 


Performance 
The performance of the circuit is very good, judged 
by normal direct-coupled amplifier standards. Grid current 


in the CV2348 is usually well below 10~‘A, giving less 
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than | per cent zero shift even with input resistors as high 
as 10°02). Where sensitivities requiring resistors >10°Q are 
contemplated, the * rate-of-rise " technique, using an input 
capacitor’ is preferred. Departures from linearity are within 
the permitted values for a first-grade meter movement alone 
Zero stability, at a full-scale voltage sensitivity of 2V is 
better than +1 part in | OOO over several hours, after an 
initial drift of 1 to 2 per cent in the first ten minutes 
Fig 5 shows a typical zero-stability record 


Output Circuit for Low Sensitivity Meter 

In some cases, it may be desirable to use a meter of lower 
sensitivity than l0OQuA; in such circumstances, the reduction 
in loop gain and variations of V, filament current caused by 
taking the meter feed from the virtual earth point would be 
intolerable. On the other hand, additional cathode 
follower feeding the meter is also undesirable, since it intro- 
duces a sourct’ of heater-cathode variation that is outside 
the feedback loop. A modified output circuit shown in Fig 
4 has been devised for use in such cases. The output is taken 
directly from V; cathode and returned to a potential divider 
connected to the + 1S0V line via a zero-setting arrangement 
which calibration sensitivity independent of 
zero stability may be somewhat 
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The Compicte Amplifier 
inferior, since it is necessary for both 1SOV and + 150 
lines to be stable. and a high-stability reference tube is 


the latter source, and its loading should 
the same as that of the —1SOV tube. A 
part in 300 has been realized with this 


thus employed for 
be arranged to be 
zero stability cf | 
circuit. 


Conclusions 

The designs presented have permitted the realization of 
direct-coupled electrometer amplifiers having a perform 
ance intermediate between that oi earlier electrometer valve 
circuits and capacitive-modulation electrometers. This pet 
formance has been achieved with simple and economical 
circuits and without recourse to compensation techniques 
requiring frequent adjustment 
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An Electronic Fault Locator for Overhead 
Lines 


By G. Hitchcox*, M.I.E.E., M.Brit..R.E., and W. A. Neighbours* 


The general character of the problem is outlined and the comparative inadequacy of the various 
loop tests associated with the testing of underground cables is stressed. The body of the article 
describes an instrument which displays faults along the time-base trace of a cathode-ray oscillo- 


scope together with a novel monitoring system 


point of test. It is particularly suitable for the 


Finally, the alternative frequency modulation 


accurately to determine their distance from the 
detection of multiple and intermittent faults. 
system based on the radio altimeter is briefly 


described. 


VERY authority which operates overhead lines, either 

for power distribution or in communications systems, 
is well aware of the pressing need for rapid and accurate 
location of faults. The ever-present possibility of sudden 
faults and the importance of speed in effecting repairs may 
require the maintenance of expensive service teams, on 
duty day and night. Anything which can reduce the time 
spent in searching for 
trouble and which can in- 
dicate its character is of the 
highest value. In some over- 
seas countries natural con- 
ditions make the problem 
exceptionally difficult; New 
Zealand is a case in point. 
Much of the territory is 
mountainous, densely 
covered in bush, and remote 


from roads or even tracks. 
Storms and gales are tre 
quent, the wind velocity in 
some parts of the country 
greater than 40 mile/h for 
one-tenth of the year. Inter- 
vals between control points 


are often long, perhaps fifty 
hundred miles: a 
sparse population necessi 
tates a simple and inexpen 
sive mechanical construc 
tion. At the same time. 
adequate distribution — ol 
power and reliable 
communications systems are vital to the continued existence 
of scattered communities, and the need for etlicient main- 
tenance is correspondingly high. 

Of the methods commonly used for testing 
underground the Blavier and the Murray, 
Varley, and Fisher loops—none is primarily suitable for 
aerial lines. They are inconvenient if the line includes short 
buried sections of different resistance, as often happens 
in practice; they are even more difficult to apply where 
branch lines are connected to the main run or where there 
are intervening or terminating transformers. The three 
loop tests require a second line for comparison, often not 
available. None of them easily detects intermittent con- 
tacts, probable results of growing foliage or overhanging 
branches of All are confused by multiple faults, 
which appear as a single * ghost’ in a false position. None 
of them can indicate series faults at all. Complete rupture 
of the line, as distinct from high resistance joints, can be 
located by measurement of earth capacitance, but seldom 


or one 
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accurately, since such capacitance is often variable, and 
again confusion is caused by either branches or inter- 
vening transformers. 

In recent years there have appeared several instruments 
based upon radar techniques, specifically intended for the 
testing of aerial lines. The pulse injection method is the 
most common. If a series of short, widely separated, high 
amplitude pulses is injected 
into the line, the presence 
of either series or parallel 
faults induces _ reflections 
which, after suitable ampli- 
fication, can be made to 
modulate (deflect vertically) 
the time-base trace of an 
oscilloscope, each stroke 
initiated by the generation 
of each transmitted pulse. 
Since the time interval be- 
tween generation and recep- 
tion of the reflection is a 
measure of the distance be- 
tween the fault and the 
point of test, the oscillo- 
scope can be directly cali- 
brated in terms of distance. 
Each fault appears as a 
sharp vertical * pip’, its dis- 
tance from the origin pro- 
portional to the distance of 
the fault along the line. The 
ability to view the whole 
length of the line at one 
time facilitates the detection of both multiple and inter- 
mittent faults. Either series or parallel faults can be observed, 
and since they appear in opposite sense, are readily distin- 
guishable from each other. 


tronic line fault locator 


Pin-pointing the Fault 

Indication of the presence of a fault is of little value 
unless its position can be accurately determined; its 
presence may well be obvious from its direct effects. With 
oscilloscopic display, accurate indication requires two 
facilities; expansion of the trace, or of that part of it 
where the fault ‘ pip’ occurs, and a calibration or monitor- 
ing system, to reduce or eliminate errors due to variable 
amplifier gain, non-linearity in the oscilloscope tube, and 
to parallax in observing it. Expansion is necessary if a 
tube of practical size, say 12 to 15cm in diameter, is to 
cover distances of 100 miles or more; without it, one mile 
of line would occupy only about 1-2mm of the trace, too 
small for accurate observation. 

In one calibration the time-base is 


system, trace 
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monitored by the addition of marker spikes, derived from 
a crystal controlled multivibrator oscillator. With a con- 
stant frequency, successive intervals between spikes 
indicate equal transmission distances; there is, however, 
some risk of confusion when testing long lines. If errors 
due to non-linearity and to inaccurate interpolation are to 
be reduced to insignificance, intervals between markers 
must be kept short, of the order of one to five miles. This 
postulates a large number of them and some uncertainty 
in deciding which is which, especially when looking for 
intermittent faults. It helps if every fifth or tenth marker 
is stressed, either by increasing its size or by inverting it, 
this demanding a considerably more complicated oscillator 
system. 

{n the instrument described below, a different system is 
adopted. The time-base is generated by a phantastron 
circuit, chosen because of its high inherent stability. The 
phantastron is triggered by the same oscillator as that 
which drives the injection pulse generator_and is lacked in 
such a way that the origin of each time-base stroke exactly 
coincides with the leading edge of the transmitted pulse. 
The duration, as distinct from the repetition frequency, of 
the time-base can be varied very sensitively and accurately 
by adjusting a multi-turn potential divider forming part of 
the phantastron circuit. In operation, the time-base is 
adjusted to a time greater than the transmission plus reflec 
tion interval of the line under test; if any fault pip is ob- 
served, the time-base is then ‘ peeled back "—that is, its 
duration reduced—until its end exactly coincides with the 
peak of the fault pip, as shown in Fig. 1. In view of the 


sharpness of the apex of the pip, this adjustment can be 
effected most sensitively, by shortening the time-base until 
the tip disappears. Fault distance is read by observing the 
setting of the multi-turn potential divider which, suitably 





Fig. 1. Double oscilloscope trace 


(a) Time-base fully extended on 0 to 100 miles range with m 
f 


vit at SO miles (hb) Time-base retracted to peak 
then indicating the distance 


arranged, can be directly calibrated in terms of distance 
This combination of calibration monitoring system and 
time-base is--believed to be unique; its advantage is the 
ease and sensitivity with which monitoring can be carried 
out. 


A Practical Instrument 

The circuit of a recently introduced commercial instru- 
ment using the variable duration time-base principle 1s 
shown in Fig. 2. All power supplies have been omitted 
for simplicity, together with the gun circuits of the 
cathode-ray oscilloscope; they follow conventional prac 
tice 

The left-hand section of double-triode V; forms part of 
a blocking oscillator the pulsed output from which both 
triggers the phantastron time-base generator and drives the 
pulse injection amplifier valve V;. Pulse duration is approxi- 
mately 2-Susec and repetition rate 200p/s. implying a 
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Fig. 2. Circuit of a practical instrament, omitting 
power supplies and oscilloscope gua circuits 
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mark-space ratio as far as injection into the line is con- 
cerned of 2:5 to 5000 = 1 to 2.000. The upper limit to the 
pulse repetition rate is set by the longest length of line 
which the instrument is intended to test, in this case 300 
miles, corresponding to a transmission plus reflection time 
of about 3:-2msec. The separation interval between succes- 
sive pulses must, of course, exceed this time to avoid over- 
lap. The output from the pulse generator stage is taken 
through the isolating capacitor C; to the third grid of the 
heptode valve V2 in the phantastron circuit, and to the 
control grid of high power pentode valve V¢«, the output 
from which is fed into the line through matching trans- 
former 7T,. Normally V¢ is run at a very low anode current; 
its Output pulse is negative-going in order not to paralyse 
the reflection receiver amplifier, described later. 

[he heptode V, together with cathode-follower Vi, and 
locking diode Vy, (a strapped triode) forms the phantas- 
tron time-base generator. The merits of a phantastron are: 
its ability to generate very widely variable *‘ mark’ inter- 
vals, high stability of Yenerated interval against power 
supply changes, and a high degree of linearity. The stability 
of the ‘mark’ interval is such that no special precautions 
need be taken to control either heater or h.t. supplies. 
Linearity—that is, a uniform relationship between genera- 
ted time interval and setting of the adjustment control—is 
necessary if this control is to be accurately calibrated in 
terms of distance. Three time ranges are provided, accord- 
ing to the value of the timing capacitance selected by the 
range switch §), the corresponding distance ranges being 
0-3 to 10 miles, 3 to 100 miles, and 10 to 300 miles. The 
continuously variable control Ry» is a 10-turn spiral poten- 
tiometer directly calibrated in miles; its setting can be 
adjusted and read to | part in | 000 of its maximum value. 
A degree of flexibility is provided by the pre-set adjustment 
R,, to allow the instrument to be directly calibrated for the 
actual line under test; it is set up by adjusting it accurately 
to indicate the distance of some known point, such as the 
end of the line 

It may be stressed that adjustment of the phantastron 
controls affects only the mark-to-space ratio of its output: 
repetition rate is fixed by the pulse generator which trig- 
gers it, and remains constant at 200p/s. The duration of 
the mark interval is variable over the three ranges from 
about 3-2msec to 3:2 msec. The nearly rectitinear output 
is heavily amplified by the triode amplifier valve Vs, and 
is then further ‘squared’ by the following limiter stage 
based upon valve V,a, the gain of which is reduced by 
tapping down the anode load. The signal, now nearly 
perfectly rectilinear. is fed to triode V,,, its anode-cathode 
impedance directly in parallel with the sweep generation 
capacitor Cy which, during the ‘space’ interval, is thereby 
practically short-circuited In the ‘mark’ period, the 
heavy negative signal applied to the grid of V,, transforms 
it tO an open-circuit and Cy is charged from the positive h.t 
supply through Rw at a rate determined by the adjustment 
of sweep expansion control R». The rate of rise is sub- 
stantially constant since the level at which Cs is short-cir- 
cuited, at the end of the ‘mark’ period, is normally small 
relative to the positive voltage derived from R.». The 
effect of R» is to vary the amplitude of the series of trian- 
gular signals developed across (Cy, their duration being 
determined by the adjustment of the phantastron. These 
signals are applied to the phase-splitter stage based upon 
double-triode V.. the balanced outputs from which are 
directly connected to the horizontal deflexion plates of the 
oscilloscope tube 

Reflection signals induced by faults in the line return 
through the matching transformer 7» and are controlled by 
the continuously variable attenuator R After amplifica- 
tion by high gain pentode V;, they are applied to phase- 
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splitter Vs and then fed to the vertical deflexion plates of 
the oscilloscope. It has been mentioned that the output 
from injection amplifier pentode V» is such that the polarity 
of the high amplitude injection pulse is negative relative 
to earth, to avoid paralysis of the receiver. During the 
‘space’ interval, the beam current of the cathode-ray tube 
is cut off, the connexion from the pulse squarer stage to 
the grid of the tube not being shown in this simplified 
circuit. 


Operation 

The instrument is connected to the line under test, the 
operating conditions of the cathode-ray tube adjusted in 
the ordinary way, and the phantastron controls set so that 
the time-base trace covers a distance rather more than the 
total length of the line. The presence of discontinuities 
in the line such as faults induces sharp * pips’ on the hori- 
zontal trace, in the same sense as the transmitted pulse for 
series faults, and opposite to it for parallel faults. The dis- 
tance separating any fault from the point of test can be 
determined by shortening the time-base until it ends exactly 
on the sharp tip of the corresponding ‘ pip’, the setting of 
phantastron controls S$; and Ry» then directly indicating dis- 
tance. Sensitivity of adjustment is such that any fault can 
be located to within 1 500ft, much finer discrimination be- 
ing possible on the shorter ranges, especially where the 
operator is familiar with the characteristics of the line under 
test. 

Where distance to the fault is small relative to the maxi- 
mum of the range in use, the horizontal trace can be 
expanded with advantage, using Rx, which determines time- 
base amplitude. To adjust the instrument as a whole to 
the characteristics of any particular line, the phantastron 
controls should be set to indicate the separation distance 
of some accurately known point: the master trimmer Ri 
is then adjusted to make the end of the time-base trace 
exactly coincide with the tip of the corresponding reflection 
‘pip’. The instrument will then correctly indicate this or 
any other distance within its working range. 


Accuracy and Limitations 

One merit of this system is that it avoids the need for 
either lineal measurement of the tube trace or interpolation, 
its accuracy also being unaffected by variation of gain in 
either deflexion amplifier or by non-linearity in the oscillo- 
scope tube itself. Operational accuracy is primarily deter- 
mined by the stability and linearity of the phantastron time- 
base generator and while such stability cannot reach the 
perfection of a crystal-controlled monitoring oscillator, 
accuracy of operation can be rapidly and simply checked 
against a single known point on the line actually under test. 
In this case, a certain degree of flexibility can be of posi- 
tive advantage, since transmission velocity is slightly 
dependent on the physical construction of the line 

An instrument of this kind cannot reveal potential as 
distinct from actual faults; for example, it cannot detect 
the presence of obstructions close to the line but not 
touching it. which might be found from a high voltage 
flash-over test. Nor can it display high resistance parallel 
faults exceeding 10k2, perhaps due to damaged but not 
broken insulators, since the reflection signal then becomes 
too small for observation. The use of a pulsed test signal 
of very low average power content has at the same time 
some advantages; it cannot cause personal shock or damage 
to ordinary apparatus inadvertently connected to the line, 
and it is unlikely to induce serious interference in other 
lines which may be running parallel to that under test. 

Finally, while this instrument can detect either series or 
major parallel faults, or combinations of them, it obviously 
cannot reveal faults on the far side of a total rupture of 
the line 
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Frequency Modulation Systems 


In conclusion, a brief reference to the very interesting 
alternative frequency modulation system may be of in- 
terest. The basic principle is the same, indication of fault 
distance by measurement of transmission time, but the 
mechanism is very different. A continuous constant ampli- 
tude radio frequency signal is injected into the line. Its 
frequency is modulated on a sawtooth pattern, increasing 
at a constant rate df/dt M for a period greater than 
the transmission plus reflection time of the line under test. 
then suddenly reverting to its original value to start the 
modulation cycle again. As before, the presence of a fault 
induces a reflected signal; when this reaches the instrument 
its frequency f, will be lower than the transmission fre 
quency f;, the difference given by: 


fi f, 21M 


where ¢ is the transmission time from the instrument to 


the fault. This difference frequency can be extracted by 
heterodyning and measured, the result indicating trans- 
mission time and hence fault distance. This method, 
borrowed from the radio altimeter, is not in very wide use 
since, without an oscilloscope display to indicate spatial 
relationships, it cannot conveniently detect either multiple 
or intermittent faults 
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Measurement of the Characteristic Impedance of a Coaxial Cable 
By L. B. D’Alton*, M.E., A.M.LE.E. 


A method is described for measuring the characteristic impedance of a coaxial cable and the velo 
city of propagation, the only equipment required being a radio receiver, a signal generator and a 
calibrated capacitor 


HE input impedance Z, of a dissipationless two-wire 
transmission line terminated in a load Zx is given by the 
well-known expression 
Zr + JR. tan Bd 
in & ant (1) 
° R t jZx tan id 
where R.. is the characteristic resistance, 8 the phase shift 
per unit length and d the length. If the line is open-circuited 
(Zr x) this reduces to 
Z jR cot Gd (2) 


and if the line is short-circuited (2, 0) it reduces to 


Z jR.tan Sd .. eee 


Thus, a method commonly prescribed for the measure- 
ment of R. is that of measuring Z; first with the line open- 
circuited and secondly with the line short-circuited. Then 


R Zs - a (4) 


However. this system (or any other system based on equa- 
tion (1) barring a v.s.w.r. technique necessarily excluded in 
the case of a coaxial cable) calls for an r.f. impedance 
measurement: the measurement of Z, at audio frequencies 
would lead to intolerable errors. To meet the case where an 
r.f. bridge, slotted line, or other standard method is not 
available, or as an alternative to its use, the author has 
devised the following method. 


Method 

It is obvious from equation (2) that providing cot (d is 
positive, i.e., providing bd< 90, the cable looks like a 
pure capacitance of value C given by 


(1/wC) R.cot Gd. (5) 


The method of determining C experimentally is indicated 
in Fig. 1. A modulated signal is fed through R;, and the 
switch § either to the cable (open-circuited) or to the cali- 
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brated capacitor K and the latter is adjusted until the meter 
M connected to the audio output of the receiver gives the 
same reading for either position of §. The effective capa- 
citance of the cable is then that indicated by K. It remains 
to determine (Gd, but before passing on there are some 
points worth noting 

R,; forms a potential divider with the cable and/or K 
and it can easily be shown that in order that a given dis- 
parity between the apparent capacitance of the cable and 
the capacitance of K should produce the largest possible 
percentage change in M the value of R; should be at least 
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= R, 2 R; ae 
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Fig. 1. Arrangement of the equipment 


five times the reactance of K. The function of R» is simply 
to prevent the input capacitance of the receiver from 
swamping K and/or to prevent K from tuning the receiver, 
which effect if permitted results in an ambiguity in the 
setting of K. It should therefore also be large compared 
with the reactance of K. 

It is further worth noting that all the advantages of a 
substitution method accrue viz., the impedance seen by the 
signal generator is unaffected by the setting of § as is also 
the impedance seen by the receiver; errors arising from a 
variation of these quantities are thus avoided. Non 
linearities in the receiver introduce no inaccuracy as they 
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would if differing voltages were being measured; it is not 
even necessary that the receiver should be stable. 

In regard to the determination of {d let it be assumed 
first that the velocity of propagation (i.e., the phase velo- 
city) along the cable is known. (In point of fact the manu- 
facturers often specify this quantity to a fair degree of 
accuracy though the characteristic impedance is specified 
to no better than 10 per cent). Then, if the velocity is 
p per cent of the velocity of light c and if A is the wave- 
length 

A. = (pc/f) 
and since 
38 = (360/A) 
3d — (360fd/ pe)’ ...... ae 

Thus cot 3d is known and since C and » are known R 
may be determined from equation (5). 

The quantities f and d must, of course, be chosen so that 
Bd < 90° and it is desirable that Sd should lie between 
10° and 80°. It is also desirable that the cable should be 
so long that inaccuracies in the measurement of its length 
introduce no appreciable error. A reasonably long cable 
also meets another desideratum viz., that f should be kept 
as low as possible; for high values of f may introduce 
losses in the variable capacitor K unless it is of extra high 
quality and are also liable to introduce errors as the circuit 
configuration is changed by the switch. Connexions to the 
latter should be kept short 

On the other hand if the cable is very long the error 
introduced by the attenuation will become serious (see 
Appendix). 

The author chose a value of 4m for d for the Hackethal 
(German) Type Al 0-6/7-2 100{2 cable and measured R 
at seven different frequencies between 1Mc/s and 10Mc/s. 
The manufacturers specified p as 66 per cent. The average 
result was 100-S5Q and the maximum deviation from this 
value was as little as 0-622, 1.e., 0-6 per cent. 


Measurement of Velocity 
The only remaining problem is the determination of 
Gd or the propagation velocity when the latter is unknown. 
Suppose that at a frequency f; the cable has an effective 


capacitance C, and that the value of @ is 2;. Then equation 
(5) becomes 


l 
—= R.cot fid (7) 
arf. 
Similarly at a frequency f 
l 
- R..cot Bod (8) 
arf 
fo 
tan {od cot (id (9) 
hi 


This equation can be solved only by a graphical method 
and graphical methods are tedious. But if f: is made equal 
to 2f; then equation (6) shows that 3 23, and equation 


(9) becomes 


2( ( tan 2():d cot (:d 
2 tan Sid 
: cot 1 
l tan- bid 
» 


| tan® Bid 
. tan Bid = VAI — (Ci/C2)) (10) 
from which the propagation velocity may be computed if 
required 


Condition For Minimum Error 


It is worth noting again that if the frequency f; is low, 
tan Gid is small and from equation (10) C; is very nearly 
equal to Cs. A very small error in C; or C, will then give 
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rise to a very large error in {id. Thus, if C; and C2 differ 
by only | per cent then an error of —1 per cent in C; 
gives rise to an error of +40 per cent in tan (id. If, how- 
ever, C: is of the order of twice C; then an error of —1 per 
cent in C; gives rise to an error of less than +1 per cent in 
tan @id. Therefore for high accuracy tan {id should be 
not less than 1/ V2 

Bid > 35-3 

fid > (pc/10) 
If p is assigned a representative value of 75 per cent then 
in general fid should be arranged to be of the order of 
23 x 10°m/sec. 

Using the method outlined the author derived a value 
of 66-4 per cent for p as compared with the manufacturer’s 
figure of 66 per cent. 

Measurements of R. and p made on a cellular polythene 
75 television downlead cable yielded similar results. 


Summary 

The procedure may be summarized as follows: 

Arrange the circuit as in Fig. | and having chosen a 
suitable length of cable d (preferably not less than about 
2m) set the signal generator and receiver each to a fre- 
quency f; such that 

fid =~ 23 x 10°m/sec 

and make R; and R» of the order of 1:5k22 each. Adjust K 
until the reading of M is independent of the switch posi- 
tion. If the propagation velocity is known R. may now be 
calculated from equation (5). If not, reset the signal 
generator and receiver to a frequency f2 = 2f; and adjust 
K as before. The value of R. may now be computed from 
equations (10) and (5) and the propagation velocity, if 
required, from equation (10). 

It is, of course, necessary that the r.f. losses in K should 
be negligible and that its calibration should be accurate. 
(If such a capacitor is not available an ordinary SOOpF 
tuning capacitor may be used and measured at any setting. 
against a Ikc/s bridge or any suitable standard)..It is also 
necessary that the frequency calibration of the signal 
generator should be accurate. 

It is shown in the Appendix that the error involved in 
the assumption that the cable is dissipationless is negligible. 


APPENDIX 
The input impedance of a cable which is not dissipation- 
less is given by 
Z. = Z.coth (x + jB)d . . . (open-circuited) 
where Z, is the characteristic impedance and « the attenua- 
tion in nepers per unit length. This may be written 
7 1 + j tanh od tan Gd 
. tanh zd + jtan Gd 
Even at 10Mc/s the highest attenuation for the smallest 
diameter cellular polythene television cable is of the order 
of 0-0057N /m. If p and d are assigned representative values 
of 80 per cent and 4m respectively then ad — 0-0228N 
and 3d — 60: and since Z. is very nearly the same as R. 
for a low-loss cable, substitution of these values gives 
Z R.(0-031 — j 0-577) 
The operator will automatically adjust K to make its react- 
ance equal to the modulus of Z,, i.e., 
(1/wC) = 0-5781R. 
The true value of R. is thus 1/0-578lwC and the operator 
proceeding on the assumption of a dissipationless cable 
measures it as 1/mC cot 60 1/0°57740C. 
Thus the apparent value of R. is 
0-5781 
05774 R 1-001R 
so that the error is 0-1 per cent. This error increases as the 
— length is increased, but is still only 0-2 per cent for 
‘ 13m 
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A Versatile Pulse Pattern Generator 


By Peter H. Cutler*, B.Sc., and L. R. Peters* 


I'wo independent pulse pattern generators are used to produce any sequence of pulses of either 
polarity; either sequence contains up to ten pulses, and the pulse duration may be varied from 


45 usec 


to |sec. 


The two separate patterns may be combined to give a third pattern whose maximum length is 
ninety pulses. 


URING an experimental investigation into the use of 

multi-cathode gas tubes in computer type circuits, the 
pulse pattern generator described below, was designed and 
constructed. 

Two multi-cathode selector gas tubes are used each 
driven by a common variable-frequency oscillator. 

Each produces a pattern of pulses whose_frame length. 
may separately be varied, the patterns being determined 
by means of selector switches on the front panel. These 
outputs are available with either polarity and if desired 
the pulse length may be reduced so as to produce a gap 
between adjacent pulses. 

Suitable combining circuits of the type commonly used 
for carrying out logical operations in electronic computers 
enable pattern cycles up to ninety pulses in length to be 
obtained. The generator has been in operation in the 
authors’ laboratory and has been found to be very useful 
and reliable. 


Brief Circuit Description (see Figs. 1 and 2) 


(a) THe COUNTERS 

The basic unit of the pattern generator consists of a 
counter type circuit which is driven by periodic pulses. The 
Ericsson GSI0D multi-cathode selector tube has been 
chosen for the counter and acts as a pulse pattern generator. 
[his vatve and-suitable circuits for driving it have been 
described in the literature’. 

A pair of pulses to drive the GSIOD tubes is derived 
from a multivibrator (V; and V2), whose frequency may 
be varied from Ic/s to 22kc/s. These pulses cause a 
single “glow” to rotate about the anode disk, the direction 
of rotation being determined by the sequence of the drive 
pulses. 

Switches S; and S, have been into the drive 
leads of each valve so that each may be driven in either 
direction, as desired. 

When a ‘ glow’ invests one of the ten output cathodes, 
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° S.R.D.E. a positive voltage pulse occurs across the cathode load 
Fig. 1. Block schematic diagram of the pattern generator 
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resistor. Any cathode may be connected via a rectifier and 
switch to a common line, the rectifiers preventing coupling 
between cathodes. Thus any pattern of pulses up to a 
maximum of ten may be obtained by setting the appro- 
priate switches associated with a counter. Sincé two 
counters are incorporated, two Separate patterns may be 
obtained. 

The modulus of a counter may be varied from two to 
ten by selecting an output from any cathode (switches § 
or S;) and using it, 
sion, to reset the 


after suitable amplification and inver 
‘glow’ in that counter to its first position 

The outputs of the counters are separately used to gate 
clock pulses derived from the multivibrator, which, in turn. 
control bistable circuits. Variable amplitude output pulses 
of both polarity are obtained from these circuits and fed 
to cathode-followers (Vx. and Vo.) to present a low out 
put impedance at the terminals. If desired, pulses which 
occur between the normal clock pulses may be fed (via 
switches S, and §;) into one input of the bistable circuits, 
sO causing a return to zero at the end of each output pulse 
(b) THE 

The usefulness of the pattern generator has been very 
greatly increased by the inclusion cf simple diode combin- 
ing circuits (Vj and V.»). The three basic functions which 
the diodes perform are (a) an AND gate, (b) an or gate, and 
(Cc) @ NOT EQUIVALENT gate. To avoid confusion in termi- 
nology, truth tables of these operations are shown in Table 


COMBINING CIRCUITS 


As an example, imagine that the counters have moduli 
of six and seven, and are producing outputs as shown 
diagrammatically in Fig. 3(a) and 3(b) (an X represents 
a mark, either positive or negative). The voltage at the 
anodes of Vy» (point c) (Fig. 2) will only rise positively 
when both G,; and G:» are positive at the same time, so 
that if the waveforms are considered to be a series of 
positive marks, the voltage at c (shown diagrammatically 
in Fig. 3(d) will represent the effect of performing an 





The complete pattern generator 


anodes of V.» (point Dp) will only rise positively when both 
inputs to the first gate are negative at the same time. Thus 
the waveforms at ¢ and D taken together will indicate the 
effect of a NOT EQUIVALENT Operation on the input wave 
forms. By closing the switch in the cathode lead cf | the 
inverted output Of the addition of points c and D is obtained 
at the common anode of \V Fig. 3(h) and (1) the 
outputs which may be obtained by using the wavefcrms 
shown in Fig. 3(a) and (b) or (c) as inputs 


show 


As an additional refinement, direct current couplings are 
from the bistable circuits onwards so that the 
frequency content of the waveform is maintained, the actual 
level of the positive portion of the output waveforms being 


used low 






































AND operation. Similarly if the waveform is considered to TABLE | 
consist of negative marks the voltage at c will represent 
the effect of an or operation. Either polarity of mark NEU OUTPUT 
may be obtained by selecting the appropriate anodes ol 4 RB } AND OR NOT EQUIVALENT 
the bistable circuits by means of switches S; and Sy. Fig 
3(d) and (e) show the possible outputs which may be 0 0 0 0 0 
obtained using the inputs shown in Fig. 3(a) and (b). ; : : 
As mentioned above, either counter may be reversed in I | 1 | 0 
direction. Thus, taking the examples given in Fig. 3, the 
output shown in (b) may be . 
reversed giving the output Fig. 3. Example of outputs obtainable 
3(c). Using, then, the outputs [i 2s 2567 BONN 2131415 16 17 18 19 20.21 222324252627 28293031 SZS594 359637 3839 4004 
3(a) and (c), the combining Tllhitttliikiiiiis ; | 1 iB} 
circuit will give 3(f) or (g) oi X XX} x xX XX} XX i X XX i X XX i X XX fCounter « Modulus « 
This reversing facility there- PT gg i dG | SESERE TE ii 
fore provides a simple and DIX XXX | x } X XXX | PM XK | XM) XXX X XX X Counter 8 Modulus 7 
uick method of obtaining biti igi i 3] Sas Seeees ; i ; 
different patterns containing ct | XXX x XXX x XXX, x XXX x XXX mt XXX Counter s Modulus 7 
the same number of marks — ¢++++>>+ ; sit4+4t4 ‘ ' ' 
and spaces. The appendix ory Til [xT xix! x| | xX x xi | x xX X ‘and’ Operation (a) and (b) 
gives formule enabling the mot Mitt int it Ht 
numbers of marks and spaces —¢ |XX XX) XX XK _XXXXXXX XXXXK XK XAXXXX XXX | Or” Operation (a) and (b) 
to be quickly calculated. [Ui i iii tii 
5 4 4 . 5 as a +—4—4—4— 4--4-— 4-4 —-4—> -4—+ 2-4-4 o—-+—4 
Sie ide ene mcsed EIR TRE EEK Fane? Operation (ad ane (0 
to a cathode-follower \ of XKKK KK KKK KX XXKKXKKKKKK KX KKKKK | XK KKM OF” Operation (a) and (c) 
By incorporating another = * Fer ee eee ININS 
diode gate and feeding to] 8 =PRTp TTT | | | 
this second gate (see Fig. 2, Fi nix [TT x XXX XXX XXX XX XXX XX Geetotive or. ee 
and F:) the inverted patterns = [U/i ij] i) iii 0) rTiiT yt | ' 
of the wavelor applied to i Xx one XX | 1X O_O me, x ee "ee (a) and (c) 
the first, the voltage at the 
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adjustable by means of the preset controls in the grid 
circuits of V2. 

The photograph shows the external appearance of the 
pattern generator. The GC1OD’s are mounted horizontally 
so that the glow on the electrodes of the valves may be 
observed from the front, thus affording a quick method of 
checking the length of the two basic pattern cycles. 


APPENDIX 

It will be observed in Fig. 3 that each position of the 
modulus six counter coincides once and once only with each 
position of the modulus seven counter. This is obviously 
true in general. 

Let the counter moduli be m and m, 

Let the number of marks be m and nm 

and the number of spaces be s; and s: 


Then m + 8: = 7m and m + s% = me 


The total length of the cycle my. me 


~ AND” OPERATION 
The number of marks present my. My 


The number of spaces present mime, — mn 
~ OR” OPERATION 

The number of marks present mms — $)8> 

The number of spaces present S182 


* NOT EQUIVALENT ’ OPERATION 
The number of marks present = mum: — siss — 
The number of spaces present = sis. + Miz 
N.B.—If the two moduli m and m: contain a common 
factor the total length of the cycle will be propor- 
tionately reduced, e.g. moduli 6 and 8 give a cycle of 
6x8 
2 
Table 2 shows the number of marks and spaces for the 
examples shown in Fig. 3. 


Niftg 


=' 24. 








TABLE 2 
m =6,m:=7~ «. total length = 42 
m=-3,nm=4 .a=3,a%=—3 
| FORMULA FOR EXAMPLE 
OPERATION | NO. OF MARKS NO. OF MARKS 

AND! | Mm. Ms ' 2 

orR® | MyMy—S1S2 33 
NOT EQUIVALENT® | My Mg—S)Se—Ny Ng 21 











. (See Fig. 3(d) and (f)) 
. (See Fig. 3(e) and (g)) 
. (See Fig. 3(h) and (1)) 
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A Chart for Return Loss Determination 


By L. Kitajewski*, B.Sc. 


Formula are derived and a set of curves plotted which enable the return loss or reflection coefficient 
to be quickly determined from bridge measurements of impedances. 


Merits of the chart are discussed. 


ESIGN of telecommunication equipment involves, in 
most cases, matching to a specified impedance. 

The degree of matching is usually called ‘return loss’ 
and is expressed in decibels. 

Return loss can be measured quickly and accurately with 
the help of a return loss tester arranged in a special circuit. 
This method, however, is more suitable for production 
testing purposes than for development work where infor- 
mation as to the actual modulus and angle of impedance 
are often required. In development work it is more cus- 
tomary to measure the impedance by a bridge and then find 
the return loss value from suitable charts. 

The purpose of this article is to discuss a chart for use 
with parallel bridge measurements of impedance. 

Reflection coefficient, p, is a measure of the degree of 
matching, but a more convenient -way of expressing that 
degree of matching is to take 20log 1/p, which is then 
called return loss. 

As, 

_ Zo ~ Ze where Z, = characteristic impedance, and 
. oe * ae Z, = terminating impedance. 
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Zo + Zr) 
Hence, return loss = 20lo — 
e g |Zo a Zr! 
(Zo + Zr)! Zo = Ro + jX. 
Let : —! N and ae $ ‘ 
(Z. — Za)| me Ze=R+ xX 
is (Ro+R)+j (Xo+X)| (Ro +R) +(Xo+XP 





(Ro— RY +(Xo—XF 
cnwnatnan (1) 


(Ro— R)+j(Xo— X) 


From equation (1), on multiplying out, 
N*R." — 2RR.N? + N°R? + N?X.? — 
2XX.N? + N°X? = Ro? + 2RRo4-R?+ Xo? +2XXo+X* 


*. RN? — 1)4+X°(N*— 1)—-2R(N*4+1) Re 
~2X (N* + 1) Xo + Ro? (N?— 1) + X.2 (N?—-1) = 0 
— N? + 1 N? + 1 
’, R°+X°-2R es oe aoa he fe 
NP iB X NED Xo+ Roo + Xo 


which is an equation of a circle with R and X variables and 
N, Ro, Xo constants. 

To find the co-ordinates of the centre to this circle and 
its radius equation (2) can be transformed to: 
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~ « 
( N? + 1 ) N24 J : 


; {N* + ] 

R.) + ( 
NN l 

From equation (3) co-ordinates of the centre are obtained: 


N? +1 N? + 1 
TT eal eT x, ) 


We) 


if Z. is purely resistive, then X 0 


x. ) (R.* + X,*) .. (3) 


and the radius +X) —(Ro +X | 


;® 9) 
R,, 0 
l 


N 
hence, co-ordinates of the centre are: (; 


Nea) ~ ®* 


and radius 


[T(N? + 1 Ro? — RoA(N? — 1) 
\ or ae | 
2 x 2N°R,? 2N 
\ (N? — 1} | 1 


If a parallel bridge is used, it will measure resistance in 
parallel with reactance, then 


Return loss = 20 log . (4) 


Fig. 1. Return loss curves with respect to 125 /0°{). Parallel bridge 
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, - y G B 
Where Y and Y, are admittances : J 
G 1B 
Where G = conductance. B = susceptance. 
+ Y 
Denoting N and proceeding as previously one 


y 
obtains an equation of a circle for a constant value of N 
The co-ordinates of the centre to the circle are now given by 


+ | 
G., 0 jand radius by 
\ l \ 


For impedance of 125 40°, Y 


2N 
G 


125) 
Also, if one measures reactance in terms of 
only, then 


B wl 


capacitance 


2-fC or if f is in kc/s and C in ul 


B 
B 27 > uF x 10 and 
: "On x 10 


For a return loss of 1SdB A 5-62 from equation (4) 


Hence, 


Centre x (1/125) » 
5-62" I 2: 


or (1-356, 0) 


2N : 
(1/125) . 


“ . 0-468 


and radius 
10 

Hence the scale is chosen to represent 0-1 of the product 
(ke/s) x (uF) by 1 inch. 


Product of (kc/s) x (uF) is put on the vertical scale. 


Centre for the infinite return loss, i.e. (1/125) x - 0 


or (1-272, 0) is taken as the reference origin. Other centres 


(for other return losses) are set off from it 


The horizontal scale is calibrated in G x ; 0 
to comply with vertical scale units. 

: . - 1 

G 125 is on the scale at (1/125) x 5 10 or 1-272 


which is the reference. 


Other values of G are set off from 1-272 in the reverse 
direction. For example: 
R 1200 120) G 1-328 


.G=( 


2x x 10 


1-272 


1-328 272 0-055 


Hence 120 is marked off to the left of the reference origin 
by 0-055 of the lin = 0:1 scale 


This chart can be used only in the particular case when 
return loss is required between an unknown impedance and 
Z 125 20°22. Thus, in comparison with Smith charts 
its use is limited. But in telecommunication engineering 
characteristic impedances are sufficiently standardized to 
warrant the use of such a specialized chart 


The advantage of this chart over Smith charts lies in its 
simplicity and quickness of use 
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BBC High Power Experimental U.H.F. Television 
Transmissions 


O* 11 November the BBC began a series of high power The long-distance tests were followed in 1956 by a series 
test transmissions on 654-25Mc/s to collect further data to determine propagation conditions within a typical ser- 
relating to the u.h.f. bands (Bands IV and V) which were _ vice area using a transmitter at the Crystal Palace on 495 
allocated to television at the International Radio Con- . Mc/s, working into a Yagi aerial and radiating a peak 
ference at Atlantic City 1947, but have not so far been used power of 1kW over a fairly narrow beam when modulated 
for television broadcasting in this country. ; with square waves; pulse modulation was also used for 

Che v.h.f. and u.hf. bands allocated to sound and tele- some of the tests. The bearing of the aerial, which was at 
vision broadcasting are as follows: a height of 440ft, was changed from time to time so that 

Band I Sito G8Mcis vhf. wed for BEC tle field-strengths could be measured over the whole circle 


oiehen from Crystal Palace. These measurements have been com- 

P pleted and the resulting information concerning field- 

Band If 87-Sto100Mc/s_ v.h.f. part used for BBC strength contours and an assessment of shadow and echo 
sound programmes effects are now being studied. 

Band II] 174to216Mc/s_ v.hf. part used for LT.A The information collected in this way was however in- 

television sufficient to determine fully the best way of using Bands 


Band IV 470 to S8S5Me/s” uh. 
Band V 610 to 960Mec 








Fig. 1. The 10kW Band 2 vision transmitter showing the klystron output Fig. 2. The elliptical waveguide at the front of the tower showing the 
stage in the foreground concertina expansion couplings and the construction of the angle bends. 
The partly constructed cover is designed to protect the waveguide from 

mechanical damage 


Following earlier laboratory work, the BBC embarked on 
its first series of u.h.f. propagation measurements in 1955. IV and V for television broadcasting. and at the request of 
These were directed towards the investigation of propaga- the Television Advisory (¢ ommittee the BBC decided earlier 
tion on frequencies between 479 and 960Mc/s over dis- this year to embark on a more ambitious series of experi- 
tances representing a normal service area, and over longer ments using a high power transmitter and radiating full 
distances to obtain data necessary for the evaluation of television signals, initially on 405 lines and later on 625 
co-channel interference. The initial tests were for the latter lines (C.C.I.R. standards). These tests have been lanned 
purpose and employed transmitters, modulated by square by the BBC in co-operation with the Committee a the 
waves, manufactured for the BBC by Mullard Limited. The Radio Industry. 


transmitters were installed at various television transmitting For this purpose the BBC 
stations, the aerials being erected high up on the television 
masts. Regular field-strength measurements were made over 24kW carrier power sound transmitter manufactured b\ 
long periods at various locations, some as far away as the E.M.I. Electronics Ltd. the vision frequency being 654-25 
Shetland Islands. These transmissions are still in progress Mc/s. The equipment which is shown in Fig I ‘is 


: | has installed at the Crystal 
Palace a 10kKW peak-white u.h-f. vision transmitter and a 
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low-power modulated on both sound and vision channels 
and employs Eimac 3K50000LF klystrons in both audio 
and video final stages. These klystrons use three external 
cavity resonators and operate as linear amplifiers with a 
power gain Of approximately 100. They are driven by a 
modulated amplifier stage operating with a cathode modu- 
lated circuit. The output of the transmitters is combined 
in a circuit of the filter bridge type constructed in rect- 
angular section waveguide. The combined output is then 
conveyed to the aerial by a 12in by 6in elliptical wave- 
guide. Fig. 2 shows a view of the waveguide at the foot 
of the tower The elliptical waveguide is made of 99-5 per 
ceni aluminium in 1|2ft lengths. At the top of the television 
mast the waveguide is transformed into a Sin concentric 
feeder to take power to the four driving points of the 
helical aerial, the pole supporting the aerial being arranged 
to form the outer of the concentric feeder. 

The helical aerial is made of sin diameter copper rod 
and comprises four bays mounted one above the other on 
the same vertical axis, each having a linear height of five 
wavelengths. Each bay (Fig. 3) is fed at the centre, the helix 
being wound trom the centre point of the bay in oppos- 
ing directions to cancel the vertical component of radia- 
tion. In the four bays there is a total of 48 turns, each 
turn being approximately two wavelengths long: The aerial 
is mounted at the summit of the Crystal Palace tower, the 
top of the 6tin diameter pole supporting the aerial being 
707ft above the ground, while the centre line of the aerial 
is G9Ift above the ground. The aerial has a power gain 
of 20 and after allowing for losses in the feeder and wave- 
guide system, the effective radiated power of the vision 
signal is of the order of 125kW peak-white in the hori- 
zontal plane. The complete helical aerial prior to erection 
is seen in Fig. 4. Provision is made for de-icing the aerial 
by electrical heating 

The Band V transmitter is in operation for several hours 
a day radiating pictures on the 405-line standard. The pic- 
tures are the same as those radiated by the Band I trans- 
mitter installed in the same building. Later on, pictures on 
625 lines will be produced at Lime Grove from flying spot 
telecine equipment supplied by Cinema-Television Ltd, and 
sent Over a specially equipped coaxial cable to the Crystal 
Palace. 

The tests on 405 lines will continue until about March 
1958, when there will be an interval for the transmitter to 
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be adjusted to radiate on 625 lines. A second series of tests 
will then begin and will continue for a period not yet de- 
cided. For these latter tests, the programme will usually 
be different from that being radiated by the Band I trans- 
mitter, but at certain times duplicate copies of films scanned 


on the two systems will be radiated by the two transmitters 


simultaneously 


The BBC. the Radio Industry, the Post Office, the 
DSLR. and the L.T.A. are organizing comprehensive 
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Fig. 4. The four bay helical aerial about to be hoisted to the top of the 


existing BBC tower at Crystal Palace 


studies of the received pictures. A number of experimental 
receivers of various types will be used, some being repre- 
sentative of the designs that might be expected to become 
available to the public in the future. The BBC hopes that 
the information which will be gained from these tests will 
throw light on the problems to be considered by the Tele 
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vision Advisory Committee when preparing its recom 
mendations for the future development of television in the 
United Kingdom, in particular on the problems which 
would be encountered were it decided to provide television 
service in the u.h.f. bands, and on the effects of a possible 
change of United Kingdom television standards for these 
bands to conform with the standards used on the continent 
There is of course no intention of making any change in 
the 405-line standards used in Bands I and IIL. 
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LETTERS TO 


(We do not hold ourselves re sponsible 


The Schmitt Trigger Circuit 

Dear Sik,—A useful modification to 
the ‘Schmitt Trigger Circuit’ enables 
the realization of a square wave genera- 
tor using emitter coupled junction tran- 
sistors. In the circuit of Fig. 1 the ;e- 
generative switching action is made to 
occur by suitably biasing X,. If X, is 
initially conducting, X, is cut off. Con- 
necting the capacitor to the base of X, 
turns X, off and X, on. The capacitor: 


then charges up via R, and R, and 
turns X, on again and X, off. Since base 
current now flows, the capacitor dis- 
charges (effectively via R, and aCB Re) 
and the collector voltage of X, rises, 
turning X, on and X, off once more 








Fig. 1. The 


moditied Schmitt trigger circuit 


\ straightforward © linear 
enables suitable component values to be 
the given below are 


analysis 
chosen values 
typical 
Compared with normal multivibrator 
circuits, this device has the advantage of 
a relatively free terminal at the collecior 


of X,. That is, the performance is rela- 
tively independent of the value of &.. 
The output at the collector is a square 
wave with transition times limited only 
by the high frequency effects in the 
transistors themselves 

The repetition trequency depends 
upon the value of C and operation is 
satisfactory up to about 10kc/s Be 


cause of the high values of R, and R 


the circuit is inherently unsuitable for 
high temperature operation 
Yours faithfully, 
A. G. KLEIN 
Department of Electrical Engineering, 
University of Melbourne 


Calibration of Vibration Pick-ups 

Dear Sir, Mr 
appeared in the Octoter 
not 


which 
1957 issue does 
the upper fre 
accuracy attamanie 
for calibra 
the frequency 
600c /s 


' ! 
Foster's article 


reference to 
the 


make 
quency limit o1 
by the methods described 
tion. It is thought that 


limit for these methods is 
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THE EDITOR 


for the opinions of our correspondents) 


There is a further method which is 
often regarded as the most accurate tor 
the calibration of pick-ups especially at 
high frequencies. This method involves 
the use of a Michelson Interferometei 
If one mirror is fixed and the other 
mirror attached to the vibrating system’. 
it can be shown that the fringe pattern 
vanishes at certain well defined amp! 
tudes of vibration’. 

This method has now been in use in 
our laboratories for two years and has 
shown itseif to be consistent and relia- 
ble, with an accuracy of better than § 
per cent for frequencies up to 10kc/s 

Yours faithfully, 
J. G. HAYNES 
Environments Division, 
E.M.IL. Electronics Ltd 
REFERENCES 
1. Davies, S.M Calibration! of Vibration Pick- 


ups at High Frequences using a Michelson 
Interferometer Nature, 178, 161, (1956) 


2 J. Opt. So 


2. OSTBERG imerica (1932) 
Ihe author replies : 

DeaR SirR,—With reference to Mr 
J. S. Haynes’ letter and his first query 
concerning the upper frequency limits of 
the methods described, I would like to 
point out that any frequency limitation 
is created not so much by the method, 
as by the vibration source and the pick 
up under test. The limitation created 
by the method ts one of amplitude, and 
is, Of course, the minimum amplitude 
which can be measured with reliability 
We can, for instance. measure an ampii 
tude of 0-00025in in comfort by 
means of Fopple’s triangle and even with 
an early type of moving-coil vibration 
generator such an amplitude is well w:th- 
in its range at Ike/s. The theoretical 
maximum frequency for either the 
methods with unaided present day vibra- 
tion equipment would be about 1-4ke/s 

It is possible. however, to extend this 
range very considerably by fitting reson 
ant reeds to the vibration generator and 
an upper limit of 10kc/s can be reached 
by this means with and accuracy 
It is of necessary to use a very 
light) moving-coil vibration generator 
with a light load barium 
titanate pick-up 

Using synchronized strotoflash meth 
ods the normal commercial synchroflash 
about 500c/s maximum fre 
even have been used 
triggering circuits up to 
Ike/s. The reflected light beam and 
strain gauge methods can also be used 
at frequencies well into the kc/s region 

The interference fringe method can be 
extended, by using an image convertor 
tute in place of the standard synchro- 
flash lamp, and by this means its theo- 
retical limit of frequency is set only cy 
the decay time of the fluorescent screen 

the moment I cannot 


ease 


course 


such as a 


is rated at 
quency, but 
with special 


these 


Unfortunately, at 
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quote any figures in this respect, but it 
seems likely that it 1s a matter of many 
megacycles per second. 


Regarding the second point in Mr 
Haynes’ letter, the article was not in- 
tended to be comprehensive and may 
alternative methods have been omitted. 
The Michelson Interferometer is cf 
course an excellent method of making 
static measurements, but for vibration 
measurements its accuracy, in practice, 
is somewhat open to doubt. This is due 
to the fact that the interferometer uses 
four reflecting or refracting mediums 
and if one or more of these mediums 
is subjected to vibration transmitted 
through the mounts serious, though not 


obvious, errors occur Otherwise the 
method is very good 
Yours faithfully. 
K. C. Foster, 

Billericay. Essex. 
THE BRITISH COUNCIL ANNUAL REPORT 
1956-57 states that widespread attention has been 
secured overseas by the opening of the first full- 
scale nuclear power station at Calder Hall. Such 
publicity needs to be supported by a sustained 
flow of information, it adds, and an increasing 


proportion of the Council's work consists in 
helping to disseminate knowledge of British 
scientific achievement and serving as a link be- 
tween British experts and professional bodies and 
their opposite numbers overseas In the last 
five years the’ Council has assisted some 7 000 
visitors in the sciences, many of whom wished 
to survey instruments and equipment designed 
and built in Britain The British Council, 65 
Davies Street, London, W.1 

WIRELESS WORLD’ DIAR 1958 published 
wT. 8. & Smith Ltd., in conjunction with 
Wireless World.’ There are eighty pages of 
reference material plus the usual diary pages of 
i week to an opening The diary is now in its 


40th year of publication and the reference section 








ncludes base connexions for 700 current valves, 
jesiuen data. addresses of radio organizations in 
this country and abroad ence regulations. etc 
Price 6s 3d (Leather), 4s 6d (Rexine) Dorse 
House, Stamford Street, London, S.E.1 

COMPUTERS is the titl of a new monthly 
ty The Bureau Technical Information, 38 
bibliographical bulletin on the subject produced 
Farringdon Street, London, E.¢ The Bulle- 
tin, published on the first of each month, will 
provide a complet oO of everything pub- 
lished in this country verseas on computers, 
fully annotated with hibliographical details 





The annual subscription is £6 6s 


RECEIVING AERIAL SYSTEMS by I. A 


Davidson describes some of the technical prob- 
lems associated with aeria!s particularly as they 
apply to domestic installations. It is divided into 
four parts. The first gives an outline of the sub- 
ject in general terms; the second is concerned 
with particular types of aerials; the method of 
choosing the correct aerial for given site 1s 
also explained; and finally there is a short des- 
cription of the method of making aerial measure- 
ments as an illustration of the work that goes 
on behind the scenes when manufacturers give 


prod 





technical data on their ct Heywood & 
Co td rersoll muse, 9 Kingsway, London, 
W.C.2. Price 21 

RADIO VALVE DATA. The latest edition of 
this reference book is over 25 per cent larger 
than the previous edition. It contains full operat 
ng data on over 2500 types of British and 
American radio valves, 37 transistors, and 30 
cathode-ray tubes. An index enables any valve 
to be found immediately in the tables. while the 
full list of equivalents, a new feature introduced 
in the fourth edition, has been retained and 
enlarged. Iliffe and Sons Ltd, Dorset House, 


Stamford Street, London, S.F.1. Price 4s. 6d 





MAN AND AUTOMATION by I Landon 
Goodman is divided into two parts: technical 
wspects, and social economic. and other aspects 
Under the first heading will he found sections 
on the applications of automation not only in 
engineering but also in industry generally. The 
human implications of au iation are also dis- 
cussed. Penguin Books Ltd Harmondsworth, 
Middlesex Price 3s. 6d 
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Short News Items 


Marconi Instruments recently held a 
private exhibition at St. Albans of 
specialized test equipment for multi 
channel links. The main exhibits com- 
prised u.h.f. Test Set OA 1248, which 
provides comprehensive testing facilities 
for radio link equipment in the 1 700 to 
2300Mc/s band; White Noise Test Set 
OA 1249, used for the measurement of 
noise and intermodulation distortion in 
multi-channel telephony equipment: and 
Derivative Test Equipment OA 1259. The 
latter consists essentially of a sweep 
generator and a cathode-ray tube display 
unit, and has been designed primarily to 
enable the linearity controls of Marconi 
HM40 and HM60 Modern Racks to be 
adjusted for best performance. The applic- 
ability of these test instruments to the 
exact needs of link equipment is the result 
of close collaboration between the design 
engineers of Marconi Instruments and of 
the Communications Division of Mar 
coni’s Wireless Telegraph Co. 


BBC’s Crystal Palace Television Tower. 
An unusual test was made on the BBC’s 
new 709ft tower on 20 November. As 
part of an investigation into the aero- 
dynamic behaviour of the tower and to 
check the theoretical design calculations 
a battery of ten rockets were mounted 
on the tower at a height of 625ft above 
ground level and fired in sequence at pre- 
determined intervals by remote control 
The rockets were not detached from the 
tower when fired, but held fixed, and each 
exerted a thrust of half a ton. The move 
ment of the tower produced by the re 
action was recorded on electronic equip 
ment in a mobile laboratory on the 
ground. It was the first time that this 
form of test has been made on a high 
tower in this country, and it is hoped 
that the results will add considerably to 
present knowledge of the behaviour | of 
structures of this type in steady winds of 
relatively light force. The BBC's main 
contractors for the Crystal Palace tower, 
British Insulated Callender’s Construction 
Co Ltd, placed the test in charge of Dr 
A. R. Flint who conducted it in col 
laboration with the National Physical 
Laboratory and the Royal Aircraft Estab 
lishment 


The Instruments, Electronics and Auto- 
mation Exhibition, to be held at Olympia 
in April, will be almost one third larger 
in floor area than the 1957 exhibition 
With more than 60 new exhibitors, the 
British Section is completely sold out, 
and the organizers have a waiting list for 
space. At a special Ex! hitors’ Meeting, 
held at the close of the 1957 exhibition, 
it was decided that the 1958 I.E.A. Ex 
hibition should become international, and 
already in the Ov Section of the 
exhibition stand s) n booked 
for exhibitors fron Denmark, 
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France, Germany, Holland, Sweden, Swit- 
zerland and the U.S.A. In addition to 
the trade associations who sponsored the 
1957 I.E.A. Exhibition—-The British Elec- 
trical and Allied Manufacturers’ Associa- 
tion, The British Industrial Measuring 
and Control Apparatus Manufacturers’ 
Association, The British Lampblown 
Scientific Glassware Manufacturers’ Asso- 
ciation, The Drawing Office Material 
Manufacturers’ and Dealers’ Association, 
The Scientific Instrument Manufacturers’ 
Association of Great Britain—the Radio 
Communication and Electronic Engineer- 
ing Association has joined this impressive 
list in promoting the 1958 exhibition 


~1L.E.A;>-1958 will agafth be ‘accompanied 


by a conference, taking place at Olympia 
at the same time as the exhibition itself 
This year’s conference will be inter 
national in character, and scientists, en 
gineers and industrialists from many 
continental countries, Canada and _ the 
U.S.A. have already asked for details 
The exhibition is again organized on be 
half of the promoting trade associations 
by Industrial Exhibitions Ltd. 9 Argyll 
Street, London, W.1. 


The South East London Technical 
College, Department of Electrical Engin 
eering and Applied Physics is organizing 
a course of six lectures on Modern Elec- 
tric Network Theory and Design. com 
mencing on 22 January. The course is 
intended to give a survey and summary 
of the analysis of communication net 
works and of modern design methods 
The fee is 10s. and further information 
may be obtained from the Head of the 
Department concerned at Lewisham Way, 
London, S.E.4 


PLUTO, the new research reactor 
which recently commenced operation at 
Harwell, is equipped with Ekco nuclear 
instrumentation. Ekco Electronics Ltd de- 
signed, installed and commissioned the 
complete nuclear instrumentation and 
control circuits for this latest-type heavy 
water moderated reactor Ekco. Elec 
tronics have made substantial contribu 
tions to the design principles of the safety 
system of PLUTO, with the aim of 
achieving the highest possible standard of 
safety and reliability. Current Ekco pro 
jects include the complete nuclear instru 
mentation of the Australian HIFAR 
reactor at Lucas Heights and the DMTR 
reactor now being commissioned at 
Dounreay, Scotland 


Easco Electrical (Holdings) Ltd have 
recently been awarded a contract by the 
London County Council for the manu 
facture and installation of twelve com 
bined broadcast equipments and staff 
communication systems for installation 
in twelve new Secondary Schools. This 
is believed to be one of the largest con 
tracts placed for this type of equipment 
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The University of Birmingham an 
nounces that a Graduate Course in Infor 
mation Engineering will be repeated in 
the 1958-59 session. Applicants wishing 
to be considered for a D.S.I.R. grant fo 
the session 1958-59, covering the fee of 
£81 and a maintenance allowance, should 
apply to the Electrical Engineering De 
partment before 3 February. Copies of 
the syllabus of the course, or other infor 
mation, may be obtained trom The 
Supervisor of Graduate Courses, The 
Electrical Engineering Department, The 
University, Birmingham, 15 


rhe Institute of Physics has arranged 
a three-day conference on Nuclear Fuel 
Cycles to be held at The Institution of 
Civil Engineers, London, form 15-17 
January. Full details may be obtained 
from The Institute of Physics, 47 Bel 
grave Square, London, W.1 


The Second International Analogue 
Computation Meeting will take place in 
Strasbourg in September 1958 under the 
patronage of the Association Inter 
nationale pour le Calcul Analogique. The 
sessions will take place from 1-9 Sep 
tember. On Sunday, 31 August. the par 
takers will be welcomed. An exhibition 
Of analogue computation machines and 
equipment will be onen from 30 August 
to 10 September. The programme of this 
meeting will cover the various Analogue 
Computation methods (differential analy 
zers, rheoelectrical analogies, network 
analysers, simulators, special calculators 
etc.) and their applications to science and 
industry 
dency of as 
methods. the Organizing Committee has 
decided to create a new group devoted to 
electronic digital computation, especially 
as regards its connexions with analogu 
computation. Those interested in further 
details of this meeting, or those intending 


Owing to the increasing ten 


ciating analogue to dig'tal 


to attend, or to particinate by submitting 
i paper, are requested to communicate 
with Monsicur F. H. Raymond, Secretaire 
Delegue General de l’Association Inte! 

nationale pour le Calcul Analogique, 138 
Boulevard de Verdun, Courbevote (Seine) 
France. The representative of the Ass« 

ciation in this country is Professor S.C 
Redshaw of Birmingham University 


The Nuffield Talking Book Library for 
the Blind is appealing for volunteers to 
assist in the repair of the specially de 
signed portable electric or battery. gram 
phones used for the work. There are over 
4000 blind readers in Britain at present 
ind only about 300 helpers, of which 
100 are in Scotland: a large number of 
these are radio and television engineers 


Help is urgently needed in London as 
well as numerous towns and areas in 
England. Further information may be 
obtained from Mr. D. Finlay-Maxwell, 
(Hon. Organizer of Voluntary Helpers), 
J. Gladstone & Co Ltd, Galashiels 
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BOOK REVIEWS 


The Services Textbook of Radio and 
the Services Textbook of Electrical 
Engineering. Volume 1: Electrical 
Fundamentals 
G. R. Noakes. 645 pp. 70 figs. Demy 8vo. Her 
Majesty's Stationery Office. 1957. Price 30s. 
WO series of textbooks are being 
written for the use of Service technical 
personnel. The first consists of 
seven volumes dealing with radio topics 
the second is made up of five 
volumes on electrical engineering 
(Volume 3 in the Radio Series was 
Electronic Engineering in 
The book under review, 
which deals with the fundamentals of 
electrical science; is common to both 
series. The standard and scope of the 
majority of this volume is appropriate 
to the first year of a university course in 
engineering. However, certain 
more advanced topics, such as harmonic- 
analysis. coupled-circuits and semi-con- 
ductors space. In line with 
current practice in university courses and 
in Higher National teaching, the m.k.s 
system of units is used throughout. One 
ot the d fliculties in working with m.k.s 
units is that although the main electrical 
quantities such as volts, amperes, ohms, 
farads and henries are the same in m.k.s 
units as in the everyday work, this does 
not apply to the units of mass and length 
Thus conversion is usually needed to get 


Series 
while 
re- 


viewed it 
August 1956) 


electrical 


also receive 


the result of a calculation into British 
Units. This conversion often causes a 
little difficulty and it would have been 


helpful to have included a short appendix 
dealing with the conversion of quantities 
between the m.k.s. and the British system 

The book is written on two levels, the 


main text is intended for a reasonably 
able reader while those parts of it that 
may give difficulty to a teginner are 


“starred.” The more mathematical proofs 
are given in the appendices, however, no 
part cular hig! mathematical 
ability ts to follow these proots 


is only simple calculus is required 


1 Standard of 


required 


The first chapter describes the 
mechanical units of work energy, ¢tc 
followed by a chapter describing the 
behaviour of charged todies and of 
permanent magnets. Chanter TIL deals 


with the electr-c current and 


Kirchhoffs Law 


includes 


Ohms iW ind the 
Wheatstone bridge. The remaining circuit 
theorems could well have been intro 
duced at this stage instead of teing left 
to much later in the book. Chapters on 
electrostatics, electromagnetism and elec 
tromagnetic nduction are followed by a 
uesful chanter on conventional magnetic 
materials (excluding ferrites). The rudi 
ments of clectro-chemistry and the action 
of primary and secondary cells are then 
explained. Chapter IX is on the tomiza 


tion of gases and here the good standard 
of the earlier chapters is not maintained 
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as the treatment is quite inadequate. No 
attempt is made to classify the various 
sorts of gaseous discharge and further, 
although naturally-occurring lightning is 
dealt with the giow-discharge is not 
mentioned 

The mater.al so far discussed represents 
the first half of the book, and covers the 
basic electrical knowledge needed ‘9 
understand the second half, which deals 
with electric motors and generators and a 
number of special topics. The under- 
standing of the earlier work would be 
made easier if exercises had been 
included at the end of each chapter, and 
the space taken up by the special topics 
would perhaps have been better employed 
for this purpose. The text is illustrated by 
numerous simple sketches and, as is 
appropriate to a book on fundamentals, 
no attempt has teen made to give illus- 
trations of actual hardware. 

For students who are taking a regular 
course of lectures the book provides a 


useful and readable introduction to the 
fundamentals of electrical engineering. 
However, the absence of numerical 
examples and the “two-level” approach 
make it somewhat less suitable for 


individual study particularly for examina 
tron purposes 
V. H. ATTREE 


Telecommunications 


By W. Fraser. 772 pp. 65 figs. Medium 8vo. 
Macdonald & Co. (Publishers) Ltd. 1957. Price 
65s. 


HE standard aimed at is described by 

the author as that of an introductory 
text book for students reading for an 
Engineering Degree or who intend to 
take the examinations in Telecommunica- 
tions of the Higher National Certificate, 
the City and Guilds of London Institute 
or the Institution of Electrical Engineers: 
the book is also claimed to be of value 
to “practising electrical engineers who 


wish to work in the field of electrical 
communications.’ 
About half of the book is concerned 


with the basic theory of telecommunica- 
tions, e.g. the theory of networks, circuit 
elements including transmission _ lines, 
valves, amplifiers, oscillators, modulators 
nd demodulators, etc., and the theore- 


tical aspects of the transmission of in- 
formation: the remainder of the book 
is devoted to the elements of telecom- 
munication systems proper, including 
telephony (manual and automatic): tele 
grahpy, including multi-channel voice- 
frequency telegraphy: facsimile: line 


carrier, coaxial-cable and microwave radio 
links for multi-channel telephony and 
television: long-distance shortwave radio 
links: sound and television broadcasting 

This is an extremely wide field to 
attempt within the scope of a single 
volume and the author is to be con- 
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gratulated on his courage in attempting it 
and the degree of success he has attained. 

From the students point of view the 
book has many attractive features, the 
style is concise, clear and unencumbered 
by excessive detail, there is a good selec- 
tion of worked examples and of questions 
from recent examination papers in Tele- 
communications set by London Univer- 
sity and the Institution of Electrical 
Engineers: the references at the end of 
each chapter are well chosen, with a 
predominance of British publications 
which are likely to be more accessible 
to students than the American literature. 
Furthermore, the student is given in one 
volume the substance of several specia- 
lized text books and a good deal of 
material not otherwise available in text 
book form: apart from the question of 
practical convenience this is an economic 
advantage of special appeal to students, 
who are notoriously short of money. 

From the view point of the practising 
engineer this book is perhaps less satis- 
factory since the wide range makes it 
impossible to more than touch on the 
practical engineerings aspects of tele- 
communication systems and there are 
some notable omissions. For example, 
microwave communication systems are 
now widely used in many countries for 
the transmission of television and multi- 
channel telephony over long distances; 
in the U.S.A. more than threequarters 
of the total television link mileage be- 
tween cities and a quarter of the total 
trunk telephone circuit mileage are pro- 
vided by this means. However, in Tele 
communications some ten lines only (page 
719, Chapter XXII) are devoted to such 
systems and it is said that “ultra-high 
frequencies are now used in long-distance 
transmission of television signals, and 
multi-channel telephony may be a future 
development.” M.F. and v.h.f. broadcast- 
ing systems and v.h.f. mobile radio- 
communications systems also receive only 
a brief mention. 

Summing up, it may be said that while 
this book provides a useful survey of the 
principles and theory of telecommunica- 
tions well adapted to the needs of 
students, a wholly satisfactory text book 
on the practice of telecommunications 
has yet to be written: such a work would 
no doubt require the collaboration of 
several specialists in view of the wide 
scope of the subject, and a number of 
volumes. 

A minor protest must be registered at 


the thickness of the present volume, it 
is more than three inches thick which 
is really too great for convenient hand- 
ling and calls for the use of thinner 
paper or a sub-division into two volumes. 

W. J. Bray 


Technical Aspects of Sound : 
Volume Il 


Edited by E. G. Richardson. 412 pp. 206 figs. 


Demy 8vo. D. van Nostrand Co. Inc., New 
Zouk, Cleaver-Hume Press, London. 1957. Price 
Us. 


HIS companion volume to the first 
part of the work deals with ultrasonics 
and underwater acoustics. The co-ordina- 
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tion of subject matt nd uniformity of 
presentation are 


C better than 
in Part I. An errata slip corrects the few 
unavoidable errors 

Whilst there is much publi hed litera 
ture on ultrasonics, tl OOK devotes 
no fewer than 80 p s to the charac 
teristics and design of transd cers, in 


addition to 374 references 
cations. This section alone establishes the 
value of the work. Undoubtedly the most 
interesting sections are those contributed 
by Dean E. Mever on air nd gas pubbles 
in water, and the techniques and apparatus 
for the 
sounds. iralleled by two 
further sections on absorbent systems for 
water-borne sounds 


t } | 
tO Such appl 


measurement of underwater 


I hese ire p 


representing exten 
sions Of naval research in Germany 
during the war. Dr. Richardson adds the 
results of investigations into 
noises and the various 
in water. 


propellor 


modes of cavitation 


Three 
and jet eminent 
American experts complete the contents 


chapters on aircraft propelle 


noises by a team of 


of this volume, thus bringing togethe- a 
veritable mine of detailed and up to date 
information on this branch of acoustics 
The 570 references cited ensure that the 
specialist in any branch of ultrasonics 
will have the means to amplify the con 
tents of the 406 pages of 


well produced 


this extremely 
nd readable compendium 


ALAN DOUGLAS 


Industrial Electronic Circuits 
By R. Kretzmann, 200 pp. 206 figs. Demy 8vo. 


Philips Technical Library, Holland. Cleaver Hume 
Press Ltd, London. 1957. Price 35s. 


HIS book deals with the circuits of 
industrial apparatus. The 
functions of the various circuit elements 
are described and information is also 
supplied on the component values 


electronic 


Examples are siven of photo-electric 
control devices, counting circuits for 
various purposes, stabilizing circuits, 


switching and control circuits, amplifie:s 
and oscillators, rectifying circuits and 
motor controls 


Der Transistor. Ein neues Verstar- 
kerelement (The Transistor. A New 
Amplifier Element) 

By Joachim Dosse. 207 pp. 101 figs. Medium 8vo. 


(2nd revised and enlarged edition). R. Oldenbourg, 
Miinchen. 1957. DM.19-80. 


HIS is 
rapid 
necessitated the preparation of 
edition within not much more than one 
year after the publication ol the first 
edition. This w wed in ELECTRONK 
ENGINEERING in September 1956. The new 
editions shows not only an increase In 
the number of pages but also in size 
and the number ol coloured plates has 

been increased from four to eight 
While the general explanation of the 


where the 
subiect 


a second 


another instance 
development of the 


he le 
physical principles remains on the W hole 
4 , let > 
unchanged there more detailed dis 
: f the . 
cussion on the b ur of the junction 


transistor in bas xion with sudden 
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increase or decrease of emitter current 
as dependent on operation in the ampli 
her and saturation ranges of the’ volt 
ampere characteristic. This is of parti- 
cular importance for impulse amplifiers 
and relaxation connexions. A brief ex 
planation of the charge 
Carriers iS given 


diffusion of 


[he methods adopted for increasing 
the cut-off frequency are explained in 
greater detail and the diffusion transistor 
is described for which a cut-off frequency 
of more than 1 000Mc/s is predicted. The 
section on modified transistors is largely 
extended and particular attention is given 
to the avalanche transistor 

Perhaps the largest changes in com 
parison with the first edition will be found 
in the chapter dealing with the technical 
properties of the transistor. The treatment 
is somewhat more mathematical than be- 


“fore, particularly in the sections dealing 


with characteristic values and equivalent 
diagrams for amplifying weak signals and 
for noise. It is based partly on the use of 
equivalent diagrams which afford a good 
insight into the physical phenomena and 
partly on the more formal use of 
matrices in quadripole theory. A large 
number of numerical examples is given 
Also the chapter on connexions and cir 
cuits is materially enlarged and brought 
up to date 

While in the first edition the main 
application consisted of hearing aids the 
ransistors have meanwhile found a 
much larger field of application and are 
used e.g. in amplifiers for subscribers’ 
apparatus, call and duplex telephony, 
channel amplifiers, impedance convertors, 
generators for carrier frequency and tele- 
graphic purposes, studio amplifiers, series 
amplifiers for relays and measuring in 
struments and —- last but not least for 
computers 

The bibliography has been extended to 
cover the literature till January 1957 and 
contains now more than 630 references 
The enlargements incorporated in this 
second edition greatly enhance its value, 
in particular for the designing engineer 


R. NEUMANN 


Industrial Television 

By H. A. McGhee. 120 pp. Demy 8vo. George 
Newnes Ltd. 1957. Price 15s. 

HE first section of this book deals 

with the practical aspects of. govern 
ing the choice of cameras as well as the 
principles of pick-up devices The 
author then covers the design of the 
associated control equipment, including 
synchronizing and blanking pulse genera 
tion, time-bases, supply circuits and re 
mote control facilities In the second 
part of the book, specific applications o! 
such television systems are described and 
illustrated. Typical applications of tele 
vision as a remote viewing aid in indus 
try, including atomics and = aviation 
commerce, research and education, to 
gether with information on the capital 
and maintenance costs of closed circuit 
systems are descrited in the final chap 
ter. 
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Your organisation, 
however efficient, needs 
the driving-power of 
up-to-the-minute 
technical knowledge. Let 
SMITH’S supply you 
with the books that you 
must have to keep you 
fully in touch with the 
newest engineering tech- 
niques and the latest 
advances in research and 
operational economy. 


@ Volumes not in stock can be 
obtained for you, and we shall 
be pleased to supply a list of 


standard works on any subject 


W. H. SMITH 
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ELECTRONIC EQUIPMENT 


A description, compiled from information supplied by the manufacturers, of new components, 


ELECTRONIC STETHOSCOPE 


(/llustrated below) 
Airsonic Ltd, 14 Old Queen Street, 
Londoa, S.W.1 
pens ‘Soniscope’ is an electronic stetho- 
scope for carrying out investigations 
on machinery, pipe-lines, etc. The ampli- 
fier has a gain of 90dB with low distor- 
tion and can be tuned to any frequency 
between 25c/s and 20kc/s. 

Operated from two miniature batteries 
within the robust metal instrument case, 
the overall dimensions are 4}in by 3}in 
by Ijin. Two sets of stethoscopes can be 
connected simultaneously to one instru- 
ment, or one outlet connected to a meter, 
with or without loudspeaker. Several 


people can therefore study and interpret 
the signal at the same time. The Soni- 
scope weig'is 240z. 

Apart from its specific use as a stetho- 
scope, the instrument will actuate most 
types of measuring instruments, graphers 
and tape recorders. 





SELECTOR UNIT 
(Illustrated above right) 

The Plessey Co. Ltd, Vicarage Lane, Iford, Essex 
NEW light-weight selector unit, 
known as the type 9008, has been 

developed by the Plessey Company 
Limited in collaboration with the Royal 
Aircraft Establishment. This remotely 
controlled device has been designed for 
rotating a shaft to any one of twelve pre- 
determined angular positions contained 
within one 320° turn, and locking it in 
the selected position. 

Primary movement of the unit, which 
has been granted R.A.E. approval, is pro- 
vided by an electric motor operated from 
a 48V dc. supply which may vary be- 
tween +6V. A relay is used to control 
the operation of the motor and to reverse 
its rotation. Selection of the required pre- 
set position is provided by means of a 
single-pole 12-position switch at the re 
mote operating position. 

Each of the angular positions can be 
set individually without affecting the 
remaining eleven settings, and facilities 
are provided at the rear of the unit for 
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accessories and test instruments. 





twelve 


limiting the arc in which the 
angular positions are contained. Accurate 
settings can be obtained by fine adjust- 
ments being made to the output or tun- 
ing shaft with a geared-down control 
knob. 

The unit is capable of driving an ex 
ternal frictional load of 241b. in and resets 
within nine minutes of arc on any single 
position. The average reset error obtained 
from all twelve positions is better than 
six minutes of arc. The output shaft, at 
the rear of the unit, extends through the 
front panel to carry a dial co-operating 
with a pointer. Another dial, which is 
visible through a circular window in the 
front panel, indicates which of the twelve 
positions is in use. 

Overall dimensions of the unit, which 
has been designed for mounting in equip- 
ment protected against the free entry of 
dust, are approximately 4in by 4in by 
44in depth. Weight is approximately 241b. 


MULTI-RANGE METER 
(Illustrated below) 


Avo Ltd, 92-96 Vauxhall Bridge Road, 
London, S.W.1 


WO versions of this meter are avail- 

able, the Multiminor model | for use 
in temperate climates, and the model 2 
for use under adverse climatic conditions. 
All components which could be moulded, 
have been made on precision moulding 
presses, the panclimatic version, using 
a recently developed moulding powder, 
which endows the finished product with 
a very high factor of electrical insulation, 
even when working under conditions of 
extreme humidity. Moreover, this new 
material resists the growth of fungus, an 
enemy of instruments used under humid 
conditions, and a very common cause of 
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failure. The indicating movement has 
been constructed in a dust-proof casing, 
and all wiring is termite proof. 

Range selection is by means of a rotary 
switch, there being only two connexion 
sockets for all measurements. The instru- 
ment has 19 ranges, a single scale being 
provided for current and voltage measure- 
ments and another for resistance measure- 
ments. 

The voltage ranges cover from 0 to 
1000V d.c. and a.c. and the current range 
0 to 1A d.c. The lowest ranges are 0 to 
100mV d.c., 0 to 10V ac. and 0 to 
100nA d.c. The d.c. sensitivity is 10kQ/V 
and the a.c. sensitivity 1kQ/V. 


SUB-MINIATURE RELAYS 
(Illustrated below) 


D. Robinson & Co., 58 Oaks Avenue, 
Worcester Park, Surrey 


MARK 2 version of the Hopwood- 
Par type P3 sub-miniature relay is 
just announced. It can now have up to 
six changeover contacts for use in control 


es ' ey 


4 





a hee 


circuits, or two special changeover con- 
tacts with very low capacitances for such 
uses as ‘send-receive’ and crystal switch- 
ing. 

In addition it can now be used in tem- 
peratures up to 100°C; has a new shock- 
proof knive edged armature mounting 
and as it has all tags and fixings at one 
end it can be mounted through a chassis 
{a piercing tool is available) or on a 
printed circuit. 

The design target for the P3 was to 
provide as many of the features of the 
versatile “3000-type” as miniaturization 
allows and in consequence the P3 has 
buffered blades with twin contacts; excel- 
lent sensitivity and if required a residual 
adjusting screw by which the fall off point 
can be set to between 20 per cent and 
60 per cent of the operate point. 

Coils can be single or double wound; 
slugged and up to 9k2 in value. Con- 
sumption can be as low as 100mW and 
typical contact ratings are 2A at 25V d.c. 
and 1A at 250V ac. 

The low capacitance version has low 
loss insulation and a capacitance between 
open contacts of under IpF. The tag 
layout has been arranged to keep capaci- 
tances to ground low and constant. 
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LIGHTWEIGHT SOLDERING IRON 
(llustrated above) 
Wolf Electric Tools Lid, Pioneer Works, 
Hanger Lane, London, W.5 
@ 4 entirely new design, the Wolf No 
92 lightweight soldering iron has been 
developed to meet the requirements of 
continuous small assembly and instrument 
work in the radio, 
and allied industries. 

The element is wound on a flat mica 
strip and folded with an interposing mica 
insulating piece. It is then encased in 
mica and enclosed within a rectangular 
section steel casing. 

The dull, nickel plated copper bit is 
designed for easy replacement, being 
secured to the barrel by means of a 
special locking nut. A split moulded 
handle is used, with all terminals easily 
accessible. The cable and sleeve are 
securely clamped into position and an 
earth symbol permanently marked, con- 
forms to various International regula- 
tions. Slots are provided in the chromium 
plated barrel to ensure that the tempera- 
ture of the handle is maintained within 
comfortable limits. 

The consumption of this iron is 25W 
and it is available for a wide range of 
voltage between 25 and 250V. The net 
weight of the iron is 3oz. 


television, electronic 


PLUGS AND SOCKETS 
(Illustrated below) 


Modern Acoustics Ltd, Manor Way, 
Boreham Wood, Hertfordshire 


__ new range, which meets the strin- 
gent electrical and mechanical require- 
ments of the latest electrical equipment, 
will be manufactured in the United 
Kingdom under licence from Tuchel 
Kontakt, Germany. All world-marketing 
rights outside Europe for the patented 
Tuchel design have been assigned by 
the Plessey Company Limited to Modern 
Acoustics Limited. 
Basically, the contact 
series of tubes of decreasing diameters, 
opened longitudinally with two or more 
transverse slits, assembled one within the 
other. In operation, the bevelled contact 
blade is inserted into the first split cylin- 
drical spring bank and as the blade is 
thicker than the gap, the spring assembly 
is forced apart and each of the three 
springs grip the blade pincer fashion. As 


consists of a 


P oT 
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the blade is introduced, the front edges 
of the spring assembly rub against it cut- 
ting through existing dirt or oxide film. 
This process is repeated through the 
second and third banks respectively, until 
the contact blade is fully inserted. An 
interesting feature is that the spring banks 
are not rigidly secured, but float in the 
connector assembly. This floating action 
ensures that the pressure exerted by the 
individual springs upon each side of the 
contact blade is always balanced. Other 
important features of this range of plugs 
and sockets are: a multiple number of 
independent contact points for each pole, 
low contact resistance with large contact 
area, unaffected by vibration, effective in 
a wide range of temperature, plus simple 
engagement. The variety of plugs and 
sockets available ranges from small jin 
diameter. -units, 
carrying 60A at SOOV. 


MARKING MACHINES 
(Illustrated below) 


Rejafix Ltd, 81-83 Fulham High Street, 
Lendon, S.W.6 


HE diversity of components, their 
shapes, sizes and the various materials 
used in their manufacture, present a con- 


siderable marking or stamping problem 
electronic and radio component 


in the 





industry. The Rejafix combined marking 
and printing machine is so designed as 
to be able to mark direct on the surface 
of flat, round or irregular shaped com- 
ponents as well as articles having recessed 
surfaces. 

The Rejafix method is simple and it 
employs the use of positive conventional 
printing blocks. The printing block or type 
is automatically inked, and then brought 
into controlled light contact with the 
surface of a flat resilient transfer pad; 
thereby transferring a negative inked im- 
pression to the pad’s surface. 

The article to be marked is then rolled 
or presses on to this pad, and the inked 
impression is transferred to the surface 
of the article. The result is most efficient, 
and long continuous runs of marking can 
be carried out, giving the same quality 
of marking throughout the run. 

On the hand-operated models up to 
800 pieces per hour can be marked, while 
on the power-driven models it is up to 
3 600 pieces according to the article. 


SI 


36 poles per unit; each- 








For use in conjunction with their 
machines Rejafix Ltd supply a range of 
high quality marking inks in different 
grades to suit various materials such as 


glass, paper, cardboard, metal, rubber, 
wood, p.v.c., Bakelite, Perspex and many 
other kinds of plastics, as well as far 


marking on painted surfaces. A ceramic 
ink is also available for indelibly mark- 
ing on glass and porcelain. 

Illustrated is a 12 position turret model 
being used to stamp capacitor plates. 
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D.C. RELAYS 
(/llustrated above) 


Magnetic Devices Ltd, Exning Road. 
Newmarket, Suffolk 

HE series 285 relay is extremely com- 

pact and has been designed specifically 
to meet the requirements of the industrial, 
Electronics and automation fields. 

It has a lifter comb and buffer block 
between the contact stacks and the high 
insulation properties of the relay are en- 
sured by the encapsulating of the contact 
units, at their clamped ends. 

The original design of lifter comb and 
tuffer block allows for up to 10 pole 
changeover light duty contacts. Negligible 
contact bounce is a further feature of 
the series 285 relay. 

With a 127502 coil and 2 pole change- 
over contact assembly the sensitivity is 
approximately 3mA. These relays are 
available with a wide range of coil resist- 
ances and contact assemblies. 


U.H.F. ATTENUATOR PADS 


Advance Components Ltd, Roebeck Road, 
Hainaslt, Mford, Essex 


b hee type A83 attenuators are coaxially 
pads with rod and disk type resistors 
in T networks. These pads are the same 
units as used in the turrent attenuator 
type A63. Five units are available in steps 
of 10dB and each unit ts fitted with 
Plessey minor coaxial fittings so that they 
may be joined together in the same line 

These attenuators are capable of hand- 
ling up to 0:SW of sine wave power. In 
sharply pulsed conditions their rating 1s 
limited by the peak voltage of the signal 
The limit of the voltage is of the order 
of 100V for pulses of a few microseconds 
duration 
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BRITISH COMPUTER SOCIETY 


INSTITUTION 
RADIO ENGINEERS 


Instrumentation of Space Vehicles 
Nico 


North Eastern Section 


SOUND RECORDING 
ASSOCIATION 


ctrical Production “of Music 


NAVIGATION 


Royal Geographical Society 


unless otherwise stated, 


Variable-Frequency 


Telecommunication Section 
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Meetings this Month 


East Midland Centre 





Date anuary Time: 6.30 p.m 

Held at he College of Arts and Crafts, Waver 
ley Street, Nottingham 

Lecture Earth Electrode Systems for Large 
Electric Stations 

B J. H. Humphries 


North-Eastern Centre 
Date: 13 Januar Time: 6.15 p.m. 
t: Neville Hail, Newcastle-on-Tyne. 








Earthing 
Distribution Systems and Equipment 


Time: 7 p.m 
Workington College of Further Educa 
Lecture 

North-Western Centre 


Date: 7 January Time: 6.15 p.m 
Held at: The Engineers’ Club, 17 Albert Square 


Repeat of above 





Th 
er Drives 
d: A Variable-Frequency 


e Dev Variable-Speed 


Tunnels 


Installation 


oment of 
or Large Wind 
Power 
1cl Drives 

Drake and E. G 


r 
if 
I 


for Large Wind-Tunne 

By: P. McKearney, Il S 
Mallalieu 

North-Western Measurement and Control Group 

Date: 21 January Time: 6.15 p.m 

Held at he Engineers’ Club, 17 Albert Square 
Manchester 

Lecture: Power System 
ular reference to the 





Protection, with parti 
Application of Junction 


Iransistors to Distance Relays and: A Dual 
Comparator Mho-Type Distance Relay Utilising 
Transistors 

By: ¢ Adamson and L. M. Wedepohl 


North-Western Supply Group 
Date: 28 January Time: 6.15 p.m 
Held at: The Engineers’ Club, Albert Square 
Manchester 
Lecture: The Digital Computer Applied to the 
Design of Large Power Transformers 
By: W. A. Sharpley and J. V. Oldfield 


North Lancashire Sub-centre 
Date: 6 January Time: 7.15 p.n 
Held at: The North Western Electricity Board 
Demonstration Theatre, 19 Friargate, Preston 
" ; 





Lecture The BBC 1 Broadcasting Service 
on Very-High Frequencies 
By: E. W. Hayes and H. Page 
Northern Ireland Centre 
Dat 13 January Time: 7.30 p.m 


Held at: Sir William Whitla Hall, Queen's Uni 
er Belfast 


versity, 

Lecture Engineering Education in the Soviet 
n n 

By. P. E. Sleight and E. Giffen 


North Scotland Sub-centre 
Date: 9 January Time: 7 p.m 


Held at Electrical Engineering Department, 
Queen's College, Dundee. 
Lecture: The Remote and Automatic Control of 


Transmitters 
Peachy 

Time: 7.30 p.m 
Technical College, 


Semi-Attended Broadcasting 
By: R. T. B. Wynn and F. A 
Date: 10 January 
Held at Robert 

Aberdeen 
Repeat ot above Lecture 


South-East Scotland Sub-centre 
Dat X January Time: 7 p.m 
Held at: The Carlton Hotel, North Bridge, Fdin- 
burgh 
Chairman's Address: Too Much and Too Little 
By: M. G. Say 
Date January Time: 7 p.m 
Held at: The Carlton Hotel, North Bridge, Edin 
burgh 


Gordon's 


Lecture: Some Aspects of Half-Wave Magnetic 
Amp iliers 

By: G. M. Ettinger 

Date: 21 January Time: 7 p.m 

Held at The Carlton Hotel, North Bridge 
Edinburgh 

Informal lecture: The Importance of Research 
in Hearing and Seeing to the Future of Tel 
communication Engineering 

By: E. C. Cherry 

South Midland Radio and Measurement Group 

Date: 27 Januar Time: 6 p.m 


Held at: The James 
Great Charles Street 


Watt Memorial 
Birmingham 


Institute 





Lectur Transistor Circuits and Applications 
By: A. G. Milnes. (To be read by G. W. I 
Stark 
Rugby Sub-centre 
Dat 29 January 6.30 p.m 
Held a ugby College of ogy and Arts 





of Low- and Medium-Voltage 








Lecture Recent Development in X-Ray and 
Electron Microscopy with Son Applications 
to Radio and Electronics 

By: C. W. Oatley and V. E. ¢ 

Southern Centre 
lime: 6.30 p.m 


Dat 1 January 
i t: C.E Portsmouth 
bentnetion 





\ “Sp ncer and P. W 


Time: 6.30 p.m 
Farnborough 





) p.m 
1ica 
und Service on 
Tin 6.30 p.m 
at Technical College, Wey- 
Lec Gyroscopic Stat er 
B H. Nea 
Western Centre 
Date: 13 January Time: 6 p.m 
Held at: Bristol University Engineering Labora- 
tories 
Lectur The BBC Sound Broadcasting Service 
n Very-High Frequencies 
By. E. W. Hayes and H. Pags 


Western Utilization Group 


Date: 2 Januar lime: 6 p.m 

Held at: South Western Electricity Board, Bristol 

Informal Discussion on The 13th Edition of the 
l I f Wiring egulations 


Opened by: Forbes Jackson 


THE INSTITUTION OF POST OFFICE 
ELECTRICAL ENGINEERS 


Date: 6 


January Time: 5 p.m 

The Institution of Electrical Engineers, 
e, London, W.C.2 

The Introduction of 





Subscriber Trunk 


Thompson and N. Walker 

January Time: 5S p.m. 

‘ Ihe Conference Room, 4th Floor, 

Waterloo Bridge House, London, S.E.1. 

Lecture: Subs. Line Concentrators—Their Devel- 
pn 


By: A 





nt nd ata) 


It at plicatior 
J. Barker and G. M. Blair 





THE TELEVISION SOCIETY 


Date: 9 January 
Held at: The 
n, 164 


Time: 7 p.m 

Cinematograph Exhibitors’ Associa 

iftesbu Avenue, London, W.C.2 
: Television Camera 





January Time: 7 p.m 
Held at: The Royal Institution, 21 Albemarle 
Street V 
The fF scture: Crystal Valves 
By ym by ticket only.) 








BINDING OF VOLUMES 


Arrangements are now in hand for binding 
the 1957 volume at an inclusive charge of 25s. 
Copies will be bound, complete with index and 
with advertising pages removed, in a good 
quality red cloth covered case blocked in gold 
on the spine. 
Home and Overseas readers who wish to have 
their copies bound are asked to comply with 
the following instructions; 
(1) Tie the twelve issues (January to 
December, 1957) securely together before 
parcelling. 
Enclose a remittance for 25s. and a 
gummed label bearing the sender's name 
and address. (A cheque or Postal Order 
should be made payable to Morgan Bros. 
(Publishers) Ltd.). 
(3) Enclose the copies, remittance and label 
in a closed parcel and address to: 
The Circulation Dept. (E.E. Binding), 
28, Essex Street, Strand, London, W.C.2. 
‘o other correspondence is necessary.) 


* * * * 

The following are also available from our 

Circulation Dept.; 

A limited number of Bound Volumes for 1956. 
Price £3 post free. 

Complete Bound Volumes for 1957 will also 
be available. Price £3, post free. 

Binding Cases for twelve issues. Price 7s. 6d. 
postage 6d. 

The Index for Volume 29 (1957) free. 
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HEAT-STABLE, WATER-REPELLENT 




















Dielectric materials | 
{ 

SAFER ELECTRICAL TRANSFORMERS 
The fire risk associated with oil-filled transformers is eliminated with : 
silicone-insulated dry-type transformers. Units up to 3MVA, I5kV are in : 
production. F 
Size and weight can also be cut, as can be seen here. The larger transformer 
on the right is oil-filled using conventional insulation. The one on the left ; 
(with the same rating) is silicone insulated and is 680 Ib. lighter. ’ 
By courtesy of Marconi’s Wireless Telegraph Company Ltd. 
DIELECTRIC COMPOUND : 
MS 4 compound is a non-melting, water-repellent paste which retains its 
grease-like consistency from —SO°C to 200°C. It is highly resistant to : 


oxidation and deterioration caused by corona discharge. Power factor is less 
than 0.001 up to 10 Mc/s; volume resistivity is more than 10'? ohm cm up 
to 200°C. Electric strength is more than 500 volts/mil at a 10 mil gap. 

USES : Potting and sealing compound for electronic components, disconnect- 
able plugs and sockets. Lubricant and protective agent for plastic and 
rubber cables, grommets and seals. Damping medium in gramophone 
pick-ups. 


SILICONE BASED CEMENTS 


These cements are ideal for coating wire-wound resistors and similar 
components. Coatings are easily applied and processed and will withstand 
operation up to 250°C. They show excellent resistance to moisture. 


LIQUID DIELECTRICS 


MS 200 fluids are dielectrics available in a range covering all degrees of 
viscosity. Their importance lies in their resistance to both heat and moisture. 
They are unique liquid dielectrics because their power factor is less than 
0.0001 over all frequencies from | kc/s to 10Mc/s and all temperatures 
within the —35°C to 150°C range. 




















USES : In capacitors, small transformers and other electronic devices. 





Technical Service 











We have had ten years’ experience in the development and application of 
silicones. This accumulated knowledge and our extensive technical service 





| 
| 
| 
o* 


o> 10" 10” 


are readily available to you. 1  eleaeeillieiar 


MIDLAND SILICONES LTD 


Associated with ALBRIGHT & WILSON LTD. and DOW CORNING CORPORATION 
fi ) 
rst in British Silicones 
@D 19 UPPER BROOK STREET « LONDON « WI - TELEPHONE: GROSVENOR 4551 


tew/us87 
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NOW AVAILABLE 
10th Edition of 
| avo 
] Valve Data Manual 
: P . oe 25,- post free. 
—_————— p 














An 


NEW 
Standard 
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Tuis new “Avo” Instrument is a self-contained mains driven model 
incorporating 24 calibrated ranges. 

One sweep of the main calibrated dial covers four decades and 
assures a very rapid search for balance. This, combined with an 





BRIDGE 


Presentation 





automatic scale expansion device, enables the two lower accuracy 
decades of the main scale to be read at full scale accuracy. 


Leakage currents can be measured 

4 down to 0.01 uA at 450V, thus 
representing an ability to read up to 
—L_-ir¢d 45,000 MQ). Balance indication is 
— clearly shown by a panel meter 
= operating in conjunction with a valve 





a voltmeter circuit. 


For production checking, the Bridge Universal 


has been fitted with a 10°, com- 


| parison scale for use with external iM EAS U RI NN G 
AX Standards. 
Resistance measurements employ 
ee D.C. When measuring inductance BRIDGE Type 1 List Price £75 





| 
} and capacity, the Bridge network 
4’ is fed from an internal 1,000 c/s 
oscillator. Internal capacity strays RESISTANCE: 6 calibrated ranges covering 0.19 to 1,000 Ma. 
10" 10" have been eliminated electronically. (Accuracy +1". at midscale) 
The instruction manual provided CAPACITY: 6 calibrated ranges covering tuuF to 1,000F. 
shows how components can be tested (Accuracy + 1°, at midscale) 
= oe. INDUCTANCE: 6 calibrated ranges covering | mH co 1,000 H 
D owe (Accuracy +2", at midscale) 


with lid closed) 
Fully descriptive pamphlet available on application. 


AVO Ltd. .. 


| al HOUSE - 92-96 VAUXHALL BRIDGE ROAD - LONDON - S.W.! 
4551 
M.B.! 


ew/us8? 


Power ply v 200-250V. 
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alloy 
Laminations 


For the highest quality 


Magnetic Amplifiers 





a & Saturable Reactors 





& Pulse Circuits 





Now available at SHORT NOTICE 
in the popular M.E.A. range of Preferred 
Patterns for Type Approved equipment 
shown below. 










































































: Inter- | Thickness : | Winding 
MEA | Service | Available | 4 B Cc D B Space 
Ret. Ref. | 
| No. No. | in. in. in. in. in. in. | in. cm? 
: - _ ‘ | | 
t E -) 258 §32 0°004 is i i is is 0070 | 0°45 
T 224 §21 0:004 } i --s 2 0°125§ | 0-807 
225 a 0004 3 14 1} 3 ih O-281 | I°815 
GRAIN . : 
B intima <a A X, 225N 522N 0-004 3 1} 14 ’ i 0-281 | 1-815 
1 aa 
| 226 — 0°004 4 2 2 4 } 0°500 | 3°23 
| «OD 226N §23N 0-004 5 2 2 j } | 0-500 | 3°23 
} 
t .. ) 227 — 0-004 | 24 23 3 fs | O-78E | 5:04 
™ C | 227N 524N 0004 3 24 | 2 § fs 0-781 | 5°04 
259N 533N 0006 ; 3 34 ; 3 1-500 | 9°68 
260N 534N 0-006 f 34 43 5 te 2°400 | 15.42 
Comprehensive technical data and informa- 
tion covering every aspect of the use of this 
unique magnetic material, including guaran- 





A Member of the Telcon Metals Group 


ELECTRONIC 


ENGINEERING 


tees, is available on request. ... Write to-day 
for your copy of the H C R Brochure. 


The first name in Nickel Iron Alloy Laminations 


MAGNETIC & ELECTRICAL ALLOYS LTD 
BURNBANK HAMILTON LANARKSHIRE 

Telephone No: Hamilton 932/3/4 Telegrams ; Magnetic, Hamilton 

Branches: London - Birmingham - Manchester 


6 JANUARY 1958 





PHELAN, SOE hs 


ee 





UNM YO cid eh: 


BSE AWA 


2 a A Md cae eR en Raia ren EES 


RI wl AN canteen Sed aye 





Beeb avai feamcisaa 6" 


PY 





; 


Bia SWE Ss GS RAIA ae, cla nhc 





Sets 











ve now even easier to install 





Designers of communications equipment, 
will welcome the new mounting and terminating arrangements of the Mullard 25mm 


and 36mm pot cores. 

Unique design features that make installation easier than ever, include positions for 
tag boards on three sides and a new system of fixing, which eliminates the need for 
additional mounting plates. 

Combining constructional advantages with sound technical performance, these 25mm 
and 36mm pot cores take full advantage of the low loss of Ferroxcube to produce 
inductances of up to 30 henries, together with high Q values over a wide frequency 
range. As an additional service these pot cores can be supplied wound to individual 
specifications, if required. 

Write now for full details of the comprehensive range of Mullard pot cores currently 


available. 





Outstanding features 

* Controllable air gap, facilitating inductance adjustment 
Self screening 

Controllable temperature coefficient 

Operation over a wide frequency range 


* * e 


Ease of winding, and assembly 


aa. * Ticonal’ permanent magnets 
Mullard Mulless Magnadur ceramic magnets 
Ferroxcube magnetic cores 





MULLARD LTD., COMPONENT DIVISION, MULLARD HOUSE, TORRINGTON PLACE, W.C.I 





MC 257A 
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PHOTO 
CELLS 
IN ACTION 











TYPE VA 26T 


The Ilford Kenprinter?+ one of the 
most modern and versatile pieces of 
photo finishing equipment produced, 
employs a ‘Cintel’ Photocell for 





exposure control. 
This cell is but one from a wide range 





in current production suitable for 
photographic applications; in fact 
there is a ‘Cintel’ Photocell for almost 
every known application. 





3% over 100 cell types in the current catalogue 
Full data on request. 


WORSLEY BRIDGE ROAD 
LOWER SYDENHAM:LONDON:SE26 


einai sank ‘onli. HITHER GREEN 4600 
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where quality counts 


We refer of course to Rivlin Resistors. There are, you will agree, certain * 


things requiring no explanation, such as maces, chains of office and that 


sort of thing. “Gentlemen, please, we are in the presence of...” Well, * 


why not a Rivlin Resistor? After all a lot of hard work, brains and skill 


have gone into creating Rivlin Resistors. 


quality have grown up with them. Like the other things mentioned, 


A tradition of service and 


* 


Rivlin Resistors are invariably excellent, perfectly stable, and their dis- 


tinguished qualities are commonly recognised and respected. In short, 
we would have you know that, where quality counts, Rivlin is simply 


another word for the best. 


* * 





Accuracy up to +0./ per cent or +0.01 Q 
whichever is the greater. 


All values available in the range 0.1 Q to 3 
Megohms with a temperature coefficient of 
0.002 per cent °C. 


Standard ratings; {W, 4W, and IW. 
Low-Inductance windings available in most sizes. 


Special Types, higher ratings and American 
equivalents to order. 


RIVLIN PRECISION WIREWOUND RESISTORS 


RIVLIN INSTRUMENTS LIMITED 


DOMAN ROAD, CAMBERLEY, SURREY 


Telephone: CAMBERLEY 2507 8 
London Office: Tel. Swiss Cottage 3038 


JANUARY 


Reivers 


INSTRUMENTS LIMITED | 
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for SEMI-CONDUCTOR devices 


Introduction in the U.K. of commercial 
production of germanium from indigenous 
raw material has been one of the Company’s 
more important contributions to the 
development of semi-conductor devices. 
Methods have also been developed tor 
producing gallium and antimony ot 
















extremely high purity. 

The JMC range of materials for semi-conductor 
applications now includes various alloys 
prepared from metals of specially high purity, 
and facilities are available for producing these 
alloys, as well as pure indium, in the convenient 
forms of wire and strip. Consideration will 
always be given to the preparation of new alloys. 







Germanium dioxide 






Germanium metal 






Gallium metal 






Antimony metal 


indium metal 







Indium-gallium alloy 






Indium-gallium-silver alloy 





Gold-gallium alloy 






Gold-antimony alloy 







SPECIALISED PRODUCTS OF 


Johnson 4 Matthey 





JOHNSON, MATTHEY & CO., LIMITED, 73-83 
Telephone : Holborn 6989 
Vittoria Street, Birmingham, | Telephone: Central 800! 75-79 Eyre Street, Sheffield, | Telephone : 29212 


HATTON GARDEN, LONDON, E.C.! 
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Single channel aeronautical 
ground transmitter/receiver, MR 880 


he unit illustrated costs less than £250 and operates in 
the 100-156 Mc/s band on a channel separation of 100,'50 or 25 Ke/s. 


The transmitter power is 25 watts, and the receiver has a 


Sensitivity of 1 microvolt. Simplex or duplex operation is provided. 
Up to 5 adjacent channels may be used. Supply : 100-250 volts, 
50 cycles, A.C. Height: approx. 26 in., supplied in cabinet or 


for standard rack mounting, with direct or remote control. 


7 he k , 
We shall be happy to send you more detailed technical data. 


keep in touch with murphy ) 


Murphy Radio Limited (Electronics Division),-Welwyn Garden-City, Herts. 
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Waveform monitoring 
at extremely low cost 
with the ICPI 


Waveform monitoring facilities can be incorporated in 
both existing equipment and new designs with extreme 
ease and economy with the ETEL cathode ray tube 
ICP 1. 

The tube itself is inexpensive and the associated 
circuitry required is very simple. The operating voltage 


is so low that in most equipment suitable connection to 





existing HT lines is all that is required. Beam focusing 

is fully automatic and auto-bias is quite adequate. 
Space problems rarely occur when the 1CP1 is used— 

it is only 43 inches long and fits a normal B8G loctal 


socket. 





If you are interested in the simplest and most 


Actual size economical method of waveform monitoring write to the 


address below for further details. 






































0-1 pF 
Y Defin ee st 
Abridged data ' 
» MLL 
Vh 6.3\ rae Ae : 
X Defin 
Vh-k(pk) +250V max. it y 1 
Val+a3 350V min. ke 32Mn pe 
: 95 | 
Sx —— mm/\ | s 
- oe 
HT 
110 350V min 0: SF 
Sy Vad mm/V | fi. 
. yw 








E'TEL| Cathode Ray Tubes 


ELECTRONIC TUBES LIMITED 

Kingsmead Works - High Wycombe - Bucks - Telephone High Wycombe 2020 

ETL 3 
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absolutely 





** | know it’s a bind 


wanting a transformer, 

deciding on a rating, 

sending out the specifications, 

getting quotations 

and then finding it can’t be delivered 

until it’s too late. 

But get your brain washed of that mentality my lad. 
This job is urgent ! 

Just get Gardners’ catalogue out of the library 

and you will find exactly what you want 

with dimensions, characteristics, price, fixing centres— 
the whole jolly lot ! 

And they say they give ‘off the shelf delivery’ too. 
It’s absolutely —what do they call it?”’ 


** Gardneristic is the term | believe they coined.” 


‘* That’s it—absolutely Gardneristic " 





are fully described in a loose leaf 


(Gardners) TRANSFi ORM ERS & CHOKES Catalogue available on request. 


GARDNERS RADIO LTD., SOMERFORD, CHRISTCHURCH, HANTS. Tel. CHRISTCHURCH 1024 
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Specification: 


V.H.F. BRIDGE TYPE B.801 wT te 100 Mera 


: Susceptance range 
An extremely stable transformer ratio-arm bridge de- 230 pF 
signed for aerial, feeder, cable and component measure a . 0.5 pF 


ments, balanced or unbalanced, at frequencies between : 
Conductance range 


1 and 100 Mc's. 0 to 100 mmho 
Calibration, which is independent of frequency, isin terms Accuracy 2°, 0.1 mmhx 
of conductance and positive or negative capacitance. Price: £165 


Specially designed source and detector are available. 











X.BAND X-BAND 
MICROWAVE OSCILLATOR 
WATTMETER TYPE S.381 
TYPE U.182 Price £1 


Pri ‘300 net ex 1 . 
r¢ ting (valve extra) 








DETAILS O} RANGE FROM: THE WAYNE KERR LABORATORIES LTD., ROEBUCK RD., CHESSINGTON, SURREY LOWER HOOK 11 
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the World’s best magnetic tape! 


EMITAPE EMITAPE 


4 SPOOL SIZES 


to fit all standard magnetic tape recorders 
3” MESSAGE 5° JUNIOR 
5}° CONTINENTAL 7’ STANDARD 


HIGHEST 
TECHNICAL STANDARDS 


@ High sensitivity @ Low noise level 
@ Low print-through factor 
@ Freedom from curl and stretch 


@ Anti-static @ Low head wear 


EMICASE 


solves storage problems 
protects spools from dust 


allows easy identification of leader tapes 









































| TYPE TITLE | s1z_—| LENGTH | EMITAPE IN PRICE WITHOUT 
No. APPROX.| “EMICASE” | “EMICASE” _ 
88 6E “Junior” 5” dia.| 600’ oe. &.84 275-89 
*99/9E “< S’dia.| 850 | £1.10.6)] £1. 8.0 
88/9E Continental” 52” dia.| 850 nm. .6 | £\ 8.0 
x99/I2E ‘ $3" dia| 1200 | £1.17.6| £1.15.0 
r ik t t —}—— + —-— —q 
BMITAP B ine magnetic recording tape 88/12E “Standard” 7” dia 1200’ nm. .61 £6.%8.9 
with the world-wide reputation! #99 18E i = ™ dia. | _ 1800" a2. 2. wll | 2.8. iil 
% LONG PLAY— 50%, increased playing time. | 
E.M.t. SALES &€ SERVICE LTD (Recording Materiais Division) HAYES - MIDDLESEX 
sis? 
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yratrons 


for... 














Relay operation 
Electronic switching 
Servo systems 


Regulated A.C. or D.C. power supplies 





Computers 
Motor control 


These thyratrons are designed for the continuous control of currents up to 
1.6 amperes. 

They are being used to actuate solenoids and electromechanical devices otf 
all kinds as well as for direct electronic switching. 

Characteristic advantages of thyratron control are smooth and continuous 
control of current, negligible control power and high power efficiency. 

The four valves listed have a rare gas filling which makes for operation over 
a wide temperature range, a quick heating-up time and free mounting position, 
Many tens of thousands of small thvyratrons are made every vear by 
Mullard and there is a fund of experience available for your assistance in 
selecting and operating individual types. 


Write for free leaflet “* Thyratrons for the control of small currents” 


PREFERRED RANGE OF SMALL THY RATRONS 





























Max. Av 
Mullard Amerean Servier Cathode PLN 
Type No Type No I'yvpe No Current Max. (Volts) 
(Amps) 
ENO rhe CV35I2 o.025 nw 
*ENDI 2b21 (vie ot 1aen 
EN32 6574 CV225 0.3 ison 
NRi-leowo 7 CV atu 1 I 
“yy / y' t ‘ 





COMMUNICATIONS AND 
INDUSTRIAL VALVE DEPARTMENT 


MULLARD LIMITED . MULLARD HOUSE - TORRINGTON PLACE - LONDON WC1 .- Telephone: LANgham 6633 





" MVI i465 
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Plessey Preformed wiring 





-.- helps industry keep pace with progress 





\s engineering development gathers momentum, wiring becomes increas- 


ingly complex—and the need for specialist service in this field becomes 





self-evident. No longer is it usually practicable or economic to involve 
yourself in the production of the wiring systems your equipment 
requires. British engineering industries rely on Plessey preformed 
wiring for products and projects ranging from computers and 


teleprinters to ships, diesel-electric trains, and aircraft. 


Plessey preformed wiring is used in the Ferranti ‘Pegasus’ Computer. 


Photograph by courtesy of Ferranti Limited 


AIRCRAFT & AUTOMOTIVE GROUP ~- THE PLESSEY COMPANY LIMITED - ILFORD < ESSEX 


77) 
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A SCIENTIFIC APPROACH.... 


... to your packaging problems is now possible with the new B.P.A. Packaging 
Accelerometer—developed in association with the Ministry of Supply and now available 
for commercial applications. 

It has been established that all packages suffer greater or lesser degrees of 

shock and vibration whilst stacking or whilst in transit by road, rail, sea or air. 

Here at last is a simple set of equipment enabling your Packaging Department 

to anticipate them and quickly design packaging to suit each product and ensure 


safe carriage for a// your goods. 


The apparatus, consisting of Accelerometer unit: Delay 

and power unit: Display unit comprising oscillograph 

and optional peak reading meter; Camera unit and Release Hook, 
is easy to use once the principles of operation have 

been shortly explained. (The peak reading meter display is 
particularly useful where routine checks on packages are 

required to be carried out by unskilled labour.) 


Write for our brochure giving full details of this new device 





BPA tlectwnics PACKAGING ACCELEROMETER 





Boulton Paul Aircraft Limited, Wolverhampton, England 
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ELECTRICAL CORDS & FLEXES 









Complete with 


MOULDED 
PLUGS 
AND 
SOCKETS 





































































































































































































































































































































































































































































































































































































e 
eee 
5 sae J. K. ENGINEERING LTD. 
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A HIGH VALUE, GLASS ENCLOSED RESISTOR, 
OF HIGH STABILITY COVERING THE RANGE 10’ to 10'* OHMS. 
APPROVED BY THE M.O.S. TO A.E.R.E. SPECIFICATION 390. 
Further information may be obtained from: 
‘Y’ DEPARTMENT, NORTON WORKS, WOODBURY LANE, NORTON, WORCESTER 
¥.50 Telephone: WORCESTER 6691/2 Telegrams CRUCIBLE, WORCESTER 
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resenting New CRYSTAL 
IMPEDANCE METER 




























Designed to measure the effective series- 
resonant and anti-resonant resistance of 
quartz crystal units in the frequency range 
10 to 140 Mc/s. 


Plug-in facilities provided for crystal units 
style D of DEF-5271, and U.S. style HC-6/U 
of MIL-C-3098 B. Other styles can be 








rD. accommodated with specially designed 
-R adaptors. 
iICESTER 


oid Range of calibrating resistors supplied to 
— measure crystal resistance by a substitu- 
tion method. 


Special anti-resonant adaptor provided for 
tests requiring a series capacitor. 


All accessories and special purpose 
adaptors contained in a metal box, housed 
inside the instrument case. 


Power requirement 110/250v A.C. 50/60 
c.p.s. single phase. 


Designed for standard 19” rack mounting. 










TYPE UE.24 





G. @& E. BRADLEY LTD. 


ELECTRAL HOUSE - NWEASDEN LANE - LONDON - NW10 


TELEPHONE: GLADSTONE 0012-7 TELEGRAMS - BRADELEC - LONDON NWIO0 


TER 
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TAKE YOUR PICK 


a ie wide range of capacitors, incorporating all the very latest 
ae developments, are described fully in these new leaflets ... 


SEND NOW for COPIES 


DALY has succeeded in maintaining full capacity values 
and working voltages in more compact designs, 
specially suited to ultra-modern equipment: 


PHOTO-FLASH EQUIPMENT + DEAF AIDS 
FRIVATE TELEPHONE INSTALLATIONS 
AMPLIFIERS + D.C. POWER UNITS 
TRANSISTOR EQUIPMENT 
MAGNETISATION 
EQUIPMENT 

TEST GEAR 



















CAPACITORS 


Condenser Specialists for over 20 years. 
DALY (Condensers) LTD., WEST LODGE WORKS, 


THE GREEN, EALING, LONDON, W.5. PHONE: EALING 3127-8-9. CABLES: DALCYON, LONDON 











H. ROLLET & Co. Ltd. London, Liverpool, Birmingham, Manchester, Leeds 
Rod, Tube, Sheet in Copper, Aluminium, and Alloys since 1896 














ACARI 


easier living with guararteed 





quality and service 


5 7: 
vanes BosTecn 
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Photograph reproduced by 
cour tesy of British Commumcations 
and Electronics 





The recently advertised 4GP, SBHP and 6EP cathode ray tubes are 
only three of a wide range of instrument tubes marketed by the 
G.E.C. 

The range includes both electromagnetic and electrostatic deflection 
tubes and all are generally available with any one of six standard 
screen phosphors. Other screen phosphors can be supplied to special 
order. 

Should you have any cathode ray tube problems—consult the M-O 
Valve Company. You will most probably find a tube in the range 
which is ideally suited to your particular application. If not, the 
Company with its wealth of experience and technical facilities may 
be able to make a special tube for you. 


Products of the M-O Valve Company Limited, Brook Green, Hammersmith, W.6 
a subsidiary of 


THE GENERAL ELECTRIC COMPANY LIMITED, MAGNET HOUSE, 
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Some of the many products 
of the M-O Valve Co. Ltd. 


Transmitting Valves 
industrial Heating Valves 
Pulse Valves 
Audio Frequency Valves 
Instrument Valves 
High Figure of Merit Valves 
Low Noise Valves 
Series Stabiliser Valves 
Rugged Valves 
Vacuum Rectifiers 
Mercury Rectifiers 
Xenon Rectifiers 
Magnetrons 
Klystrons 
T. R. Cells 
Corona Stabilisers 
Geiger—Miiller Tubes 
Special Purpose 

Cathode Ray Tubes 
Radar Cathode Ray Tubes 


KINGSWAY, LONDON, W.C.2 
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“You can rely on us” 
for ELECTRONIC COMPONENTS FROM STOCK 








Ring EALING 5737 ERIE RESISTORS 20% 10% 5% et 
MORGANITE RESISTORS MIDGET TYPE C 


HIGH STABILITY I% 2% 5% 
WIREWOUND SILICONE & VITREOUS WEARITE 








Large ranges of T.C.C. and ERIE 


HUNTS Capacitors. 


Bu 
POTENTIOMETERS — MORGANITE COLVERN “Gin 





DUBILIER - EGEN - COLVERN Ge 
AND MINIATURE TYPES av 
BELLING LEE %q ip TRANSFORMERS — Extensive range wel 
UL and special laboratory types made to 
LARD Yun, specification. J 
7s *@ 


CHASSIS, COILS, INSTRUMENTS SPIT STATOR and GANGED CAPACITORS ETC ETC 


% We specialise in supplying Development Laboratories, Manufacturers, 


Government Research Labs., etc. CAN WE HELP YOU? 


i} RADIO SERVICING CO. 22 south Ealing Road, 


LONDON, W.5 
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PRECISE ELECTRICAL MEASUREMENT! 
pone 


ELECTROMETER 
VOLTMETER 


Developed from the well-known “Farmer” 
cathode follower circuit, the highly sensitive 
and accurate, HYZEE Electrometer-Volt- 
meter can be used for a wide range of D.C. 
electrical measurements. 

This instrument has an input resistance of 
approximately 10" ohms and can therefore 
be connected to a circuit without altering 
the existing conditions. Write now for 
Brochure E-116 which gives complete, 
easy-to-read information. 


nals j) instruments 


BALDWIN INSTRUMENT COMPANY LIMITED - DARTFORD - KENT Tel: 2948 (3 lines) 


One of the Harper Group of Companies 


SPECIFICATION 
RANGES: 0-10, 20, 50, 100, 200, 500 


volts— ®'ther polarity 
ACCURACY: 1.25% of scale reading 
Less than 1% of full scale 
DRIFT: deflection per hour after 
five minutes warming on 
10 volt range or less on 
higher ranges 


MAINS: t 10% deviation from 
the nominal mains voltage 
will affect the zero and 
calibration by less than 
0.2 V. on all ranges. 


POWER 
SUPPLY: 200-250 volts 50 c's. 











' a 





~ 


ad, 








TER 
R 


“Farmer” 
y sensitive 
eter-Volt- 
e of D.C. 


stance of 
therefore 
t altering 
now for 
-omplete, 


nents 





3 lines) 


1958 











a 1. is3 ——— 


we’re reducing... 


the size of our electrolytic capacitors. The new type BR miniature electrolytic 
capacitor retains all the characteristics of this well-known range with the added 
advantage of reduced size. 

In modern equipment where every square inch of space is vital, these new 
capacitors will meet the physical requirements without any degradation of the 


electrical specification. 








Capacitance (uF) D.C. Wkg. Voltage _ Dia. (in.) Length (in.) 
including sleeve 
25 12 vs } 
50 12 6 Is 
10 25 rs 2 
25 25 v3 2 
5 50 vs 2 
10 50 v3 2 
4 100 3 2 
8 100 vs a 
2 150 7 3 
4 150 be 2 




















We shall be pleased to supply full information upon request. 


BDU BEAR: 


DUBILIER CONDENSER CO. (1925) LTD - DUCON WORKS - VICTORIA ROAD - NORTH ACTON - LONDON W.3 


Telephone : ACOrn 2241 ‘ Telegrams : Hivoltcon Wesphone ao 
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THE 
HEMISPERICAL 
SHAPES THAT FORM 
THE BODY OF THE 


HOOVER 
CONSTELLATION 
CLEANER 
ARE DEEP DRAWN 
BY NARITE DIES 


PHOTOGRAPH BY COURTESY OF MESSRS. HOOVER LTD. 


N. C. ASHTON LTD. 
ST. ANDREW’S ROAD 


HUDDERSFIELD 


TELEPHONE: HUDDERSFIELD 


ELECTRONIC ENGINEERING 


6263/4 
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DESIGNED for ACCURACY 


PECIALISTS in the manufacture of 


Variable Wirewound § Resistors 





for over 20 years, Colvern Ltd., 
are BRITAIN’S largest manufacturers of 


these components 


Our fully comprehensive range includes:- 


Wirewound Potentiometers and Variable 


os Sealed 


Resistors Fully Type Approved to Inter-service Specifica- 


tions RCS/121 and RCL 121 


Standard Wirewound Potentiometers from | to 15 watts 
rating, including multi-ganged types and semi-preset 


Controls for Television Receivers 


* High Accuracy Precision Potentiometers including 
sine/cosine types. These Potentiometers—the most 
accurate made in the world to-day—are 
incorporated in most modern Radar, 


Navigation and Computing Equipment 


* Ten Turn Helical Potentiometers 





COLVERN LIMITED 


Spring Gardens - Romford -« Essex 
Telephone Nos: Romford 8881! /2/3 
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It doesn’t matter whether you call it... 


se the CARPENTER Polarized Relay 
or the Carpenter PO LARIZED Relay 
or the Carpenter Polarized RELAY 


it is the polarized relay, with the UNIQUE combination of superlative 
characteristics, that has solved, and is continuing to solve many 
problems in... 


High speed switching - Control 
Amplification - Impulse repetition 


for : Industrial recording 





Aircraft control and navigational equipment 
Automatic machine control 

Analogue computers 

e of Temperature control 
tors Servo mechanisms 


td., Submarine cable repeaters 





TYPE 4 Burglar alarm and fire detection equipment 


Nuclear operational equipment 
Biological research 
Theatre lighting ‘“‘dimmer” 


les:- Sie 
and colour mixing equipment 


Teleprinter working 


riable Automatic pilots 


cifica- 


TYPE 5 Remote control of Radio links 


Theatre stage-curtain control 
Long distance telephone dialling 


watts 
V.F. Telegraphy 
etc, etc, etc. 


reset 


Therefore — if your project, whatever it may be, calls for a 
POLARIZED relay, with high sensitivity, high speed without contact 
bounce, freedom from positional error, and high reliability 


iding 
TYPE Sl 


most 


in a wide range of temperature variations, you cannot do better 
than use a CARPENTER POLARIZED RELAY. 


Write or ‘phone for technical data 


TELEPHONE MANUFACTURING CO. LTD. 


on wee” DEPT. 407, HOLLINGSWORTH WORKS, DULWICH, LONDON, SE2I 





TYPE 6 





TELEPHONE: GIPSY HILL 2211 


TED 


=ssex 


5 Basic types are available each 
with several variations for special 


purposes. 
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ORTIPHONE 


TRANSFORMER HANDBOOK: 





miniature screened and encapsulated transformers and transductors 


copies on 


request from FORTIPHONE LTD.—COMPONENT DIVISION, 92, Middlesex St., London, E.1. 








in this new FATIGUE METER made by Mechanism Ltd. 
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| aac ™ 
5 Actual size , 
* t . i of Magnet 
T 4 j 
~ &.. 
Pres = DPF f 
————— ; 
ete. thee 45 SS ~ J, d Murex ‘Sincomax’ 
Tey magnets are used to 
} me nak meet the need for 
| 1H] low leakage, high flux density, 
- = and magnetic stability. 
Technical representatives are 
14 | always available for consul- 
— -- eum tation and advice. 


MUREX LIMITED (Powder Metallurgy Division) RAINHAM - ESSEX 
Telephone: Rainham, Essex 3322. Telex 8532. Telegrams: Murex, Rainham-Dagenham Telex - 
LONDON SALES OFFICE: CENTRAL HOUSE, UPPER WOBURN PLACE, W.C.1. Telephone: EUSton 8265 
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1000 times a minute! 


The Varley S.M.O. solenoid is the first of a range of miniature solenoids 
being developed for the electronic and accounting machine industries. 
It can operate about 1000 times a minute through } in. 
Varley make Solenoids of all shapes and sizes 
to push or pull anything from ounces to thousands of pounds. 
If you need to push, pull, press, prod or punch—by remote control— 
investigate the applications of Varley Solenoids. 
They are 100°., British in design and manufacture. 


For full details of Varley Solenoids send this coupon 





OLIVER PELL CONTROL LTD. 
CAMBRIDGE ROW, WOOLWICH, S.E.18 


Please send me illustrated booklet ““ VARLEY SOLENOIDS” 
Please arrange for a technical representative to call on me 


aric ee 





REGD. TRADE MARK ADDRESS 
E.E. 


Woolwich 1422 


ee ee ee iO 


——— ce ce a SD SD ND ED ES SES SS EDD GED NED 


OLIVER PELL CONTROL LIMITED 
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. M 25 Years experience of manufacturing Bobbins and 
Specialists 


Formers enables us to satisfy the most exacting 


requirements of the Electrical and Electronié 


4 
Insulating Formers industries. We fabricate 3 Million Bobbins each 
year and manufacture in any insulating materials . 


batel Bobbins including Bakelite and Presspahn 


TRADE JUSKITE MARK 


A.1.D. Approved 


“‘Taskite Works, Marsh Road, Pitsea, Essex. Telephone: Vange 2167-8 





ARALDITE 


MOULDING S$ 

















For some time past we have been 
engaged in the encapsulating of elec- 
tronic assemblies in unloaded epoxy 
resins, and by maintaining rigorous 
control and laboratory conditions, a 
very high standard of clarity has been 
obtained, with freedom from  ex- 
traneous matter and bubbles. 


This service is now available to the 











electronics industry, where we feel 
sure that, in a field in which ‘‘potting”’ 
is now so generally employed, there is 
a need for castings made to the high 
standard we offer. 


— “ARALDITE” can be successfully cast 


up to I} Ibs. weight of resin. 
THE DENIS FERRANT! GROUP 
“* Araldite’’ is made by Aero Research 


Limited, Duxford, Cambridge, and is a 
registered trade name. 


DENIS FERRANTI METERS LIMITED - BANGOR . NORTH WALES. 


CW 4075 





** Sales 


get neal 

early. 
Be CO 

and wh 


Enfield 


THE & 


THE 


JANI 
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Sensible men who need second opinions 
call Berco, early! 


** Sales wanted voltage-control to the nth degree, and I couldn’t 


get nearer than m. So I took a cab to Berco, Queensway, Enfield, 
Y ~ , Send this ( oupon today—or phone 


early. Situation under control in 30 minutes flat! 
; Details of all Berco equipment and service 
Berco consultant-engineers understood exactly how and where 
* : f will be sent by return post 
and what I wanted. I’m asked to say you don’t have to go to 


Enfield—a Berco man will gladly come to you.” YOUR NAMI 
YOUR COMPANY 


BERCO KNOW HOW 


ADDRESS 


THE SARITISH ELECTEIG RESISTANCE CO. LT. 


in association with 
THE BRITISH POWER TRANSFORMER CO. LTD. 


Howard 24/1 Telegrams : V trohm, Enfield 
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TIN BOX MANUFACTURERS AND LTD., 
London Office— SHEET METAL WORKERS ‘Phone 


162, Fenchurch Street, E.C.3 READING 54466 


Mansion House 0302 oa 13 A D f N G 5 Lines 











4 settes to suit evety clectiontc need 





a 
Hermetically sealed oil-filled C' Core 3-Phase ‘E’ Core Transformers. Air cooled Vacuum impregnated open-type ‘C’ Core 
Transformers. Fully in accordance with or oil immersed. Vacuum impregnated to Transformers. Fully in accordance with 
RCL.215. RCS.214. RCL.216. 





Fully Shrouded Transformers. Vacuum Vacuum impregnated open-type Lamin- 
impregnated to RCS.2/4. ated Transformers. Fully in accordance with 
RCL.216 


WILLESDEN TRANSFORMER CO.LTD. 


MANOR PARK WORKS, MANOR PARK ROAD, HARLESDEN, LONDON .N.W. 10. 
TELEPHONE; ELGAR 5445-6 


Hermetically sealed Transformers. Aijr 
compound or oil filled. 

















JANL 
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Her inventive genius is Britain’s great capital asset. Other 
nations are richer in material resources, but this country has 
never failed to lead scientific progress. So we remain in the 
forefront of a nuclear-electronic age. 

How long will this continue ? Our productive enterprises can 
only flourish if the training of technologists, technicians and 
apprentices is correlated to the needs of industry. Those who 
train and those who employ must work together. 


To ensure the fullest possible discussidn between industry 





and educationists, The Times publishes TECHNOLOGY. 


This monthly review of training and education for industry 


y reaches the training and planning staffs of modern industry as 
D well as lecturers and teachers at universities, technical colleges, 
si public, grammar and secondary modern schools. 
; TECHNOLOGY has a vital interest in the work of the Colleges 
me of Applied Technology. TECHNOLOGY attends to the problems 
of apprenticeship. Each month a general article deals with a 
"Si particular aspect of technological advance. 


If you employ technologists, technicians and apprentices, if 
you are concerned in their training, you need TECHNOLOGY 
to-day. Tell your newsagent you must have TECHNOLOGY 


each month. 





* Core 
» with 
| 
MONTHLY—PRICE ONE SHILLING | 
Your newsagent will be pleased to order TECHNOLOGY for you or a direct annual postal subscription 
(18s. inland ; 16s. 6d. abroad) may be arranged through the Subscription Manager, TECHNOLOGY, 
Printing House Square, London, E.C.4. 
Air 
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POLY: TETRA: FLUORO: ETH YLENE 


FOR 
ELECTRONIC - RADIO & 


TELECOMMUNICATION 
INDUSTRIES 


* FABRICATIONS 

* MOULDINGS 

* EXTRUSIONS 

* COATINGS 
For some years Henry and Thomas 
have been one of the leaders in 
designing and producing specialised 

components in P T FE 
STANDARD PRODUCTION INCLUDES 


*' VALVEHOLDERS ° TUNING COILS 
« INSULATORS + WASHERS «_ SEALS 
SWITCHES + CRYSTAL HOLDERS 
* AERIAL MOUNTINGS 





C10? Y roe je ate 


YEO STREET - BOW COMMON - LONDON E.3 
(So — Telephone No.: EAST 4545. 


CRAFTSMAN IN PRECISION 


CONSULTANTS in the design, development, and complete 


and many items for specialised application 














inufacture, wiring and installation of Radio and 
Electronic instruments 


SPECIALISTS in prototypes and small batch produc- 
tions of :—Radio, Radar ind Television Chassis ; 
Instrument Cases, Benches, Racks, Panels, 

Test Equipment Cases, etc 


A.1.D. Approved Ref. No. 6150/53 


bie 4 - 
ats ~ Soeee 
ELECTRONIC DIVISION, 


bios wes} LONDON IRON & WIRE WORKS LTD., 61, OSBORNE ROAD, ACTON, LONDON, W.3. 


¢: ACOnrn 2802 & 6567 





Telegrams: RIVETIER EALUX LONDON 
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A revolution in Oscillographs 

The Mingograph 230B permits direct 

recordings to be obtained of approximately 

ten times greater frequency range than has previously 
been possible. It is an outstanding 

advance in the field of scientific and 


industrial measuring instruments. 





MINGOGRAPH 230: 
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SIEREX LTD 


241 Tottenham Court Road, London W1 
Telephone No. Langham 2464 
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PRECISION 


WIRE WOUND HIGH STABILITY 


K 
Fis RESISTORS 
O 
~~ 


STANDARD 
Stability: 0.02°, 
Accuracy: to +-0.05°, 
Temperature coeffient: | 0.062", per c (guaranteed) 
Ratings: |w, }w, rw and 2w 





Special types including American equivalents to customers requirements 
PROMPT DELIVERY 


Further details from 


LAWRENCE ELECTRONICS 


Telephone: NORTH 3445 53 Hornsey Road, London, N.7 











“RIRMAX” *% Sarco FANS 


REGISTERED TRADE MARK 


A REALLY LOW PRICED MINIATURE FAN 


24” Dia Series 11/H3/63.5/.8/6 


For operation on 120/240 volts Iph 50 c.p.s. (Dual) 
Fitted with open ventilated shaded pole motor 


8.5 c.f.m. against .035” s.w.g. 


Input - I! watts 


Also available for many other A.C. and D.C. voltages 
giving a variety of duties. Suitable for wide operating 
temperature ranges and climatic conditions. 





Send now for details of these and other fans from our wide range 


A. K. FANS LIMITED 5%" 
Telephone: Primrose 5969 


ON ADMIRALTY LIST A.I.D. and A.R.B. APPROVED 
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Minimum size... torque...trouble 
Maximum /ife... capacity... precision 


HONEYWELL PREGISION SWITCHES 


For precision switches with these qualities 

contact Honeywell. The switches shown here have been selected 

from a wide and growing range designed to meet 

your every need and purpose. All switches are manufactured and tested 





against the highest standards in Honeywell's U.K. factory. 
| . ~~ . -_- —- - 
CATALOGUE LISTING 11SM1-T Dimensions: 25/32” » 31/64" « {". Mechanical Life: 1 million 


operations. The small size, low weight, and complete reliability of the Sub Miniature 
Switch make it particularly attractive to all designers of precision electrical equipment. 
Electrica] Rating: 5A RES 250V A.C. and 3A IND 30V D.C. at sea level. Contact Action 
S.P.D.T. Catalogue 75 gives full details. 





CATALOGUE LISTING 1SE1 Sealed Sub Miniature. This sealed version of the basic 











Sub Miniature Switch is immune to most environmental conditions. The Switch is 
embedded, with an epoxy resin, in an aluminium casing. Integral connecting leads are 
avaijable in several lengths. Electrical Rating: as 11ISM1-T. Contact Action: S5.P.D.T, 
Data Sheet HB P96 gives full details. 








CATALOGUE LISTING V3-601 J]0 Million Operations. This is the mechanical life of the 
V3-601 switch. It offers the optimum combination of long life, high electrical capacity, 
precision, and small size. Electrical Rating: 10A 250V, A.C. or 30V D.C. for resistive loads. 
Contact Action: S.P.D.T. Catalogue HB 74b gives full details. 








CATALOGUE LISTING V4-14  Mazimum Torque: 0.140 OZ. INS. Honeywell Low Torque 
Rotary Action Switches are widely used in the coin chutes of vending machines—to 
initiate the vending process. These switches are also used in air flow failure devices and 
in textile machines as thread-break detectors. The torque is usually applied to a wire 
lever actuator. Electrical rating: 5A up to 250V A.C. Contact Action: S.P.D.T. Data 


Sheet 46c gives full details. 


H) Honeywell 


” 
uW 
eal 
Pe 


JAD 
Fiat we Coutiols 


for expert advice and assistance. Write to Honeywell- 
and throughout the world. 





| Contact Honeywell... for catalogues or data sheet for demonstrations 
Brown Ltd., 1 W 1dsworth R ad, Peri sale, Middleser. (PER 5691) Offices in the prim ipal cities f Britair 
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High-— 
Stability 
Wire Wound 
Precision 
Resistors 


Felgate Electronics Limited announce a new 
range of Wire Wound Precision Resistors 
which offer utmost reliability, prompt delivery 
and exceptionally high stability (0.02%). 
The specification speaks for itself : 


THE STANDARD RANGE is 0-10 to 4ma— 
resistors outside this range can be manufactured 
to special order. 
Accuracy up to + 0-05% or 0-01Q, whichever is 
greater. Matched pairs can be supplied to even 
greater accuracy. 
Temperature co-efficient of resistance (a) — 

Two values, both guaranteed :- 

Cu/Ni resistance wire : « = 0-002% per °C 

Ni/Cr resistance wire : « = 0-01% per °C 
Resistors can be manufactured to attain the 
required value of resistance at such ambient 
temperatures and loading as are specified by the 
customer. 


Resistors from } watt to 2 watts are available. 
All types are back-to-back wound for minimum 
self-inductance. 


TROPICALISATION ai Felgate Resistors 


are encapsulated in a robust resin to be proof 
against humidity. 


SPECIAL TYPES are available including 


American equivalents. 


DELIVERY Owing to extremely _ versatile 


manufacturing techniques, prompt deliveries can 
be made against special orders, whether for home 
or export markets. 


RELIABILITY is recognised as being of 


cardinal importance to the manufacturers of 
electronic equipment—Felgate components are 
designed with this in mind. 


For further details please write to: 


FELGATE ELECTRONICS LIMITED 


Felgate House, Studland Street, Hammersmith, W.6 
Telephone : Ri Verside 8141-2 
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The mouldings illustrated cre shown 
with the kind permission of the 
following companies :— 

1. Mine Safety Appliances Company Ltd. 
2. The Plessey Company Ltd. 

3. Ranco Ltd. 

4. Igranic Electric Co. Ltd 


The design and manufacture of small 
mouldings, in large quantities, is just as 
much a speciality of National Plastics as the 
production of large and spectacular articles. 
Indeed, the making of a large multi-cavity 
mould to produce many small mouldings 
quickly is often a piece of fine engineering 
that only specialists can achieve. 








NATIONAL PLASTICS 





NATIONAL PLASTICS (SALES) LTD. 
AVENUE WORKS, WALTHAMSTOW AVENUE, LONDON, E.4. 
Phone: Larkswood 2323 
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NEW MARK IV 


ALL ELECTRONIC 
ing, PROCESS CONTROLLER 


‘n 
&s © NO HYSTERESIS 





© SIMPLE D.C. CIRCUITRY 


This 3-term Electronic Process Controller is of ® NON-INTERACTING 3 TERM CONTROL 


advanced design. The three terms—proportional, 

integral and derivative—are pure and non-interacting, 

and the derivative response with a phase advance of © BUILT-IN TEST FACILITIES 
> at least 70° is exceptional, and does provide a new 

criterion in process control. 





The input and output signals are 0-15 mA. D.C., © UNAFFECTED BY MAINS VOLTAGE VARIATIONS 


enabling the controller to operate with measuring 
devices working on the Evershed Electronic Repeater 
System, and regulating units utilising pneumatic, © A COMPACT SINGLE UNIT FOR PANEL MOUNTING 

electric or hydraulic servo units operating on a signal 
of this type. 


Ore 


Write for Publication EO.SS.12. 





Mark IV Process Controller partly 
withdrawn from casing to show three 
term control panel, and built-in test 
facilities. 











, 


EVERSHED SERVES INDUSTRY 


instrumentation & Controls Division 
EVERSHED & VIGNOLES LIMITED 


N, E.4. ACTON LANE WORKS © LONDON - W4 
* Telephone: Chiswick 3670. Telegrams & Cables: Megger, London, Telex 
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AMPHENOL (Great Britain) LTD. 


invite enquiries for engineering data and de- m: 
tails of the availability of the well-known o—< 
range of ‘“‘ AMPHENOL”’ Products. 





AMPHENOL (Great Britain) LTD. | 


Ormond House, 26/27 Boswell Street, London, W.C.|. 
Telephone CHAncery 8956 
































only 

ELECTRONIC POWER SUPPLIES 
give excellent 
Stability, wave form and regulation. , 


The type PUM 16 illustrated here is ideal for the PRECISE 
TESTING OF GYROS, MAGNETIC AMPLIFIERS ETC. 


Cc 
c 






























BRIEF SPECIFICATION 3 
Three Phase Section Single Phase Section 4.¢ 

Frequency; 400 c/s. Frequency; Drive from three- 3. * 

Source Impedance ; phase section or separate in- 
10 ohms (high range) ternal oscillator adjustable to 4. V 
| ohm (low range) +10% from 400, 800, 1,600 5. V 

Output Power; 23 VA anid 2,400 c/s. 

Output Voltage 3 Output Power; 8 VA vil 
120V max. (high range) Source Impedance; 0.1 ohm ' 
40V max. (low range) Output Voltage; 10V max. 

Distortion in both sections is less than 1°%. Voltage stability is within “% 

0.5°,. There is a provision for reversing phase rotation, earthing any >. 7 

Send for literature or ask for phase or neutral and driving either section from external sources. 

an engineer to call. Also a 30V phase reference is provided. sail 

. — a = this Other Types ~s 
al. +: 

field is at your dispos Single, two or three phase with output power up to 1,000 W and " 

frequencies from 100 c/s to 4,000 c’s. 

Do y 
_ x Lar! a x + 
HATFIELD INSTRUMENTS LTD. ex-st 
Crawley Road, Horsham, Sussex. Tel: Horsham 3232-3 5! 
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. V.High Resistance 
. V.H.F. (Rods & Discs) 


Few, = 


WIREWOUND 


NM @ Os 








WATTS 


4 1&2 
1 /30—20 
1/10—3 


pt 
4 


sand) 
1/10—1 


4—500 
3—15 
3—500 
1—I5 


*The ubiquitous blue (1°4) grey (2°4) “ HISTABS” 


Do you KNOW 
THAT the whole of the vast range shown under (3) can be delivered 
ex-stock in all Preferred values. 
THAT Cracked Carbon Resistors (2) are more economical in the 
5% range than Solid Carbon. 














A SERVICE 


FOR DESIGNERS 


The possibility of a component change—due to shortage of 


supplies, increased costs or failure to meet specific conditions 


—is a problem facing every designer of electronic equipment. 


However, one basic component can be ‘tailor-made’ from the 


start, for LAB will supply the precise type of Resistor required, 


ex stock and at the right price. Write for full technical data, 


prototype samples and price schedules to :— 


THE RADIO RESISTOR CO. LTD., 


OHMIC 

RANGE 
10—!0M 
1—S00M 
1—SOM 
5K—2M 
50M—10"? 
10—IK 


10—80K 
10—16K 
1—150K 
1—25K 


50, ABBEY GARDENS, LONDON, N.W.8 


Telephone: Maida Vale 0888 





TOLERANCES 
5°. & 10% 

5°, & 10°. 

0.5%, 1° 2% 5% 
5°, & 10°. 

I% & 2% 

1% 2% SY 
5% & 10% 





4, 
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Our technical staff will be 
pleased to call and discuss 
your special needs. 











QRS, JASON VALVE RETAINERS 


FOR CONVENTIONAL CHASSIS AND PRINTED CIRCUITS 


INSTRUMENT) CASES Plated Steel 


* 3 sizes 


\ 
CABINETS and any ‘ Fix into the hollow rivet holes 


of chassis-mounted valve hold- 


; T ers of any thickness, or into 

si EE METAL) ) RK two % “ holesonprinted circuits 
pH 4) Special lengths are supplied 
i ‘ for the latter. In 3 sizes: 


| N \ to your own> | ECF. 80, EF. 60 on 
5 , or imm sate elivery. 
iN precise requirements @ ® | 10|- Per sample 100 
| 


J. P. HART & SON ° £3-10-0 per 1,000 


%*% Quantity enquiries to 
Rann Street, Birmingham 16 THE JASON MOTOR AND ELECTRONIC CO., 


TELEPHONE: EDGBASTON 0014 328, CRICKLEWOOD LANE, LONDON, N.W.2. Phone SPE 7050 | 


ECF. 80, EF. 80 and EL. 84. 














[ eee ene —_ | | 


Se | 


Solenoids | ‘Relays 


an t 











ELECTRONIC PROCESS TIMERS EFFICIENT, COMPACT ) FOR INFORMATIVE 


FOR AUTOMATION AND ECONOMICAL SWITCHING AND 
POWER HANDLING 








| ti Same) me ta tebe a lemetem Ga) ' 
| AIDS TO g 
| PRODUCTION 32 POOL $T © WOOL VE Bee ew PT Ok ‘ 
G 
i PHONE 22783° 
L a 
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BRIMAR 





— Teletubes 
pwd Radio Valves 
' ~ and 


Special 


Components 


iC CO., | 
yne SPE 7050 


. 
METAL RECTIFIERS 


o 
BRIMISTOR 
CURRENT SURGE 
RESISTORS 


* 
GERMANIUM DIODES 





+. 
TRANSISTORS 


L 


eo Srandard Telephones and Cables Limited 


(Te 
a) 
/ FOOTSCRAY, SIDCUP, KENT. Footscray 3333 


Crow’ / 
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Our technical staff will be 
pleased to call and discuss 
your special needs. 








WESSEL JASON VALVE RETAINERS 
FOR CONVENTIONAL CHASSIS AND PRINTED CIRCUITS 


| INST RUPSENT \CASES Plated Ste 
sizes 
ger ETS and any \ Fix no the hollow rivet holes 


of chassis-mounted valve hold- 


ers of any thickness, or into 
MERALYY RK two % “ holesonprinted circuits. 





Special lengths are supplied 
for the latter. In 3 sizes: 


I | te your own> _— ECF. 80, EF. 80 ond EL. 84. 
| i t For immediate delivery. 
‘A precise requirements. o 10/- Per sample 100 





veanind wed 1,000 


. P. HART & SON © || foi enwincrn 


_~ Street, | Birmingham 16_ THE JASON MOTOR AND ELECTRONIC CO. | 
TELEPHONE: EDGBASTON 0014 328, CRICKLEWOOD LANE, LONDON, N.W.2. Phone SPE 7050 

















[ —— ee “il eis | | ¢ 


ECTESLEY timers | Solenoids | Relays | rie 

















ELECTRONIC PROCESS TIMERS ) EFFICIENT, COMPACT , FOR INFORMATIVE 
FOR AUTOMATION AND ECONOMICAL SWITCHING AND : 
POWER HANDLING F 
be 
HILTON ELECTRIC CO..LTD. - 
AIDS TO : Y 
PRODUCTION 92 POOL. ST + WOLVERHAMPTON: C 
GR 
PHONE 22783° 
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Components 


. 
METAL RECTIFIERS 


e 
BRIMISTOR 
CURRENT SURGE 
RESISTORS 


% 
GERMANIUM DIODES 


@ i 
TRANSISTORS 








\TIVE 
AND 
LING 


soN5 Standard Telephones and Cables Limited 


° 


] FOOTSCRAY, SIDCUP, KENT. Footscray 3333 


Grove / 
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Birch 


REGISTERED TRADE MARK 


VITREOUS 
ENAMELLED 
RESISTORS 


FERRULE END TYPE 
(JOINT SERVICE — TYPE APPROVED) 
9 SIZES — 10 to 250 WATT 





Fully vitrified porcelain former, winding 
80/20 nickel chrome wire. High rating, 
liberal safety margin and tolerance. 


WIRE END TYPE 
7 SIZES — 1} to 30 WATT 


Axial or radial leads, tinned, securely 
fixed to the unit and capable of support- 
ing the weight of the resistor, which can 
therefore be soldered in to equipment. 


The specially developed enamel of these resistors, fuses to an 
intensely hard, high gloss surface giving complete protection to 
the winding under the most adverse conditions. i enamel is 
completely inert at all times and free from crazing, which allows 
wires of the finest procurable gauges to be safely employed. 
Hence a wide range of resistance values is available in each size 


Write for List No. 190 





eeGcistretreod TRADE MARE 


H. A. BIRCH & CO. LTD. 


WOOD STREET, WILLENHALL, STAFFORDSHIRE 
Telephone WILLENHALL 494 ° 495 Grams WILOHM WILLENHALL 
LONDON OFFICE 1-S NORTHOLT ROAD, HARROW, MIDDLESEX 

Telephone : BYRON 5120 
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RELAYS P.O. TYPE 3000 


BUILT TO YOUR 
SPECIFICATION 


QUICK DELIVERY 
KEEN PRICES 


CONTACTS UP TO 
8 CHANGE OVER 


—a-- 
JACK PLUGS 
Cylindrical bakelite screw KEY SWITCHES 


a . Ideal 
for amplifiers ete 2éeach, PROMPT DELIVERY ALL TYPES 


24/- doz., £9 per 100. uP TO 4CO/sCO 


6 FT. STANDARD P.O. RACKS for 19 in. panels. Steel 
channel sides, correctly drilled, heavy angle base. Also 
4 fe. 10 in. 


BRIDGE MEGGER TESTERS No. !. 1000 Volts 100 

Megohms with Resistance Box, Brand New, £75 (less than 

half price). Series 2, 500 Volts 100 Megohms in leather 
case £50. 


‘“‘WEE MEGGERS.”’ 500 Volts in leather case £12 10s. Od. 
MEGGERS Series 2. 500 Volts 100 Megohms £30. 


AVO TEST BRIDGES. Measures capacities from 5 to 50 
mfd., resistances from 5 ohms to 50 megohms, etc. 220 240 vt. 
£9 19s. 6d. 


L. WILKINSON (CROYDON) LTD. 
19, LANSDOWNE ROAD, CROYDON 














SPUTNIK 





The very name Sputnik will cause to be released millions 
of pounds in the cause of Research and Development. Keep 
in step with these developments and use 


Beryllium Copper Crinkle Washers 


Fabricated from Beryllium Copper Strip. The Washers are heat treated and 
plated. They are non-magnetic, and when plated are 100 per cent corrosion 
resistant. They have a relatively high electrical conductivity, and will not 
damage highly polished and plated surfaces to be locked together 

it is used extensively by such industries as Radar, Television, Wireless, Aircraft 
and the Electrical and Electronics trade in general, and by most Government 
Departments. 


It is approved by the British Admiralty Signal and Radar Establishment, 
to their Spec. A.1 10000, also RAE/RSP.318 and by RCSC/RCL.224 


The Washers can be supplied tested and released A.!.D 
or A.R.B., and are also-supplied in Good Commercial 
Quality 


A Custom Made Product of special interest 
to the Electrical and Electronic 
Industries 


+ 


se 


DAVID POWIS £SONS LTD. 
FORWARD WORKS SPARKBROOK = BIRMINGH*M I] PHONE VIC. 1764-8 
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. UNBRAKO SCREWS COST 
‘a LESS THAN TROUBLE 
afc 
There’s no substitute for quality. Even in this world of pruned prices 





and flattering imitations, Unbrako Export sales have increased by 
over 23% during the past year and are still increasing. This is surely 
positive proof that industry today recognises Unbrako Socket Head 


Screws as the finest insurance against costly breakdowns. 


Still not convinced ? Then take any Unbrako Screw and its equivalent 
imitator and test them both for tensile strength and fatigue resistance. 
Test them under the most gruelling working conditions—you'll soon 


discover why safety cannot be bought at so called bargain prices. 


A new price list of standard stock sizes is now 


available. It should be in your drawing office 
and on every Technicians bookshelf. A copy is 


yours for the asking 


Specify Unbrako—they are distinctively packed for easy identification 


and your protection and distributed by reputable merchants throughout 
the waetd UNBRAKO SOCKET SCREW CO LTD - COVENTRY 
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STANDARD - SIGNAL 
GENERATOR 
A range of high stability carbon 


and wire wound resistors Type MSITI 





G. A. Stanley Palmer Ltd., announce 
a completely new and comprehen 


sive range of wire wound and 


> o high stability carbon resistors. 
aa | A These will prove invaluable to 


tt 


PmnnerneeePOeeTerrecsscccsscecseeesseeesseasiigississsitsssiussitiiiss 


STABILITY AND 
TOLERANCE 


the manufacturer of high quality 


equipment, and substantially assist in 





reducing his overall production costs. 









This comprehensive 
catalogue available 4. ed 10 kes to 110 Mc's ON FUNDAMENTALS 
um | | YA 


on request 


TOLERANCE “a AM: 0 to 90°, 


ENVELOPE DISTORTION: 
0.5%, at 30% AM 








1.5°, at 80°, AM SMiw2 
below 5°, at 90°, AM 
ys © NON-PREFERRED en 
VALUES OUTPUT: 

0.2 nV to 0.2 V emf in 2 dB steps | 

from 10 or 75 (10 and 500 

supplied on request) 
6 0.2 to 2 V emf monitored from 
\) separate 2000 jack 
wor ; Pp jack or up to co 
At” “gio 130 V d load 

con't? . wi prt’ VERY HIGH across tuned loa P R 

apo . AND LOW : INTERNAL MODULATING OSCILLATOR: 

gh i 400 cps + 3°, 
atsis' cs > OHMIC VALUES i Distortion below 0.3°, 

oer Extremely wide frequency range and low-distortion 

ee AM make this instrument invaluable for lab. work. 

em \ Output constant within +1! dB on all ranges to 20 

4 Mc/s. No side-band clipping. Incidental FM less than 

: PRECISION AND 3 3 = 10° at 30°, AM below 30 Mc's. 


QUALITY AT 
GOOD PRICES 


RADIOMETER supplies: 


AF OSCILLATORS 
R-L-C BRIDGES 
STANDARD-SIGNAL GENERATORS 
VACUUM TUBE VOLTMETERS 
WAVE ANALYZERS 





: (F2) 
| WA | Write for descriptive literature from 


RADIOMETER 


72 Emdrupvej, Copenhagen, NV-3, Denmark 
G. A. STANLEY PALMER LTD 
Maxwell House, Arundel Street, W.C.2. Phone TEMple Bar 3721 














| = 
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Fan 





CAST RESIN TRANSFORMERS 
Give complete mechanical and 
climatic protection for core 
windings. Good heat dissipation. 
HERMETICALLY SEALED ‘C 
CORE UNITS 

A complete range covering trans 
formers from Ve to 2 kVA and the 
usual range of chokes 


POTTED COMPOUND FILLED 
TRANSFORMERS 










_ 


<IIDDEN> 


TRANSFORMER CO. LTD 


Combines first-class engineering 
with a popular highly competitive 
product. Vacuum impregnated and 


rigidly tested. 
MICROPHONE TRANS- 
FORMER 


For use with moving coil micro 
phene, minimum hum, pick-up 
and maximum efhciency. 

In addition to the types shown, we 
man: ure @ great variety of 
Transformers for all electrons 
applications. Also Power Trans 
formers up to 750 kVA 


WODEN TRANSFORMER CO LF  catalegues available on request. 


BILSTON ‘ STAFFS Telephone: BILSTON 41959 








SM/W2683 








MODEL ESSEX 52/FA 


a o Fully Automatic Machine Pin 
| specially designed for printing “Se 
automatically small resistors as 









with wires attached. 





COMBINED MARKING & = 
PRINTING EQUIPMENT 


® As used by Leading Manufacturers 
throughout the World. 


A Ys , 
AN + a 





The Rejafix Machine will 
print on any shape and on any 

material as well as paper, 
cardboard, fabrics, etc. 


@ SIMPLE TO OPERATE @ ECONOMICAL TO RUN @® CLEAR PRINTING IN LONG RUNS 


REJAFIX LIMITED 21-23 FuLHaAM HIGH STREET - LONDON - 5S.wW.<. 


Telephone : RENovn 5802-3-4 . Telegrams : Rejafix, Walgreen, London ’ Cables : Rejafix, London 
STOCKISTS IN MOST COUNTRIES 
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Fans for all 
electronic duties 


The 1900-valve analogue computor made by Elliott 
Bros. (London) Ltd. for the Long Range Weapons 
Establishment, Australia, is fully air conditioned. 
Four 19in. two-stage Woods Aerofoil fans (above). In 
contrast, aircraft electronic equipment is being fitted 
with Woods 2.4 in. 400 c.p.s. fan. 

May we send you Woods Small Fan Catalogue V3695? 


Arial fans, 43°, 6”, 
74”, 84° and larger. 


100 c.p.s. fan. 


Two stage arial fans | ¢ 


‘entrifugal fans, 
74” and larger. fe 


we Fe 


wooDs 
of COLCHESTER Ltd. 


BRAISWICK WORKS, COLCHESTER 
Telephone Colchester 5111 
Fan manusacturer e 1909 
AN ASSOCIATE COMPANY OF THE GENERAL I 
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METEOR com winpers 


(SWISS) 
lf Ba \} 
r 


For winding fine wire down to No. 52 
gauge—Arranged for single or multiple 
winding. No gears to cause backlash. 
The traverse is controlled by a mag- 
Extremely fine reversal 
settings by micro 

limit switches. Quickly 

set up and changed 

over. Automatic 

brake stops 

machine 

should wire 

break. 


netic tape. 


ACBARS LTD. 


57A HOLBORN VIADUCT, LONDON, E.C.!I 
Telephone: CENtral 228789 - 681123 











WAVEMETER TYPE 16/7 


SPECIFICATION 


Calibration accuracy | Mcs 
5 Mc's 


Mode of operation TEoi 
Waveguide No. 16 
Q unloaded 30,000 Discrimination 200 Kc s 
Q loaded 10,000 Micrometer Divisions 0.0002 
Frequency range 8.5 KMcs to 12.5 KMcs, 8.5-10 KMc’s, 


10-12.5 KMc's 
PRICE €6§ (in the U.K.) 
DELIVERY TWO MONTHS OR LESS 
other details on request 


Precision Instruments are made in all Waveguides from No. 10-12 


FLANN MICROWAVE INSTRUMENTS LTD. 


133 Munster Road, Teddington, Middlesex, England. 
Telephone No.: Kingston 7217 
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‘ZENITH 


NEW and IMPROVED 
“*VARIACS”’ 


at REDUCED PRICES! 


Due to increased demand, up-to-date design practice and 
modern production methods, we are able to announce substantial 
price reductions on most “VARIAC” models 


4 new comprehensive catalogue covering over 170 models is 
now available and will gladly be forwarded on request 

All “VARIAC”-*DURATRAK Transformers have a brush 
traek-treated in accordance with British Patent No. 693406, which 
produces a coating of precious metal alloy on the brush track 
surface, eliminating the possibility of deterioration due to oxy- 
disation, and reducing contact resistance. “VARIACS” with 
DURATRAK have longer life, increased overload capacity and 
maximum economy in maintenance 


The ZENITH ELECTRIC CO. Ltd. 


ZENITH WORKS, VILLIERS ROAD 
WILLESDEN GREEN, LONDON, N.W.2 


Telephone: WiLiesden 6581-5 Telegrams: Voltaohm, Norphone, London 





*REGD. TRADE MARKS 


























RRYWALD because - 


Aen. — Safety Automatic Incinerator 


e. 





* It is manufactured by the 
first and leading Sanitary 
Incinerator Specialists in 
the world. 


It is guaranteed for one 
year and backed by a full 
service organization. 


It is simple and cheap to 
install. 


It is the only Incinerator 
incorporating our patented 
safety devices 


It is approved by The Royal 
Institute of Public Health 
and Hygiene. 


+ + + & 


It is regularly supplied to 
and approved by all H.M. 
Government Depart- 
ments, Local Administra- 
tions and Educational 
Authorities, Hospital 
Management Committees, 
General Industry. 


ECONOMICAL 
EFFICIENT 


SANIGUARD APPLIANCES LIMITED ro INISPENSABLE 


6 2, L 0 N D 0 N Ww A L is L 0 N D 0 N . ® C. 2 ee 


DivVIston of 


Geleplrorie: NATIONAL 888! 8882 ALLIED METALS LTD 
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P.O. TYPES 
MANUFACTURED 
TO YOUR 
bd te ley wale), | 


PROMPT 
DELIVERY 





3000 TYPES 


CcOUS up to 80,0001) 
CONTACTS up to 8 co's 
Trepicalzing and impreg 
nating to order 

600 and HIGH-SPEED 
TYPES alco Supplied 


* STOCKS 


an) 
KEYSWITCHES 


THE KEYSWITCH CO. 
ALL POST OFFICE EQUIPMENT 
Enquiries to Sales Director 


146 KENSAL ROAD, LONDON, W.10 
Telephone: LAD. 0666, 4640 Grams: “Fonequipt’’, London, W.10 





Ss 


Z 4enmeeveDeeeeeee 


PAK, 


TRANSFORMERS ~~ 
LARGE OR SMALL 


The illustration is of a 60 KVA Trans- 
former with 5,000 amp. Secondary, with 
tapped Primary to give secondary voltage 
variation from 12 volts to 4 volts. Primary 
tap changes are made with a rotary switch 
as shown. These Units are designed and 
tested to BSS 171 where applicable, or 
appropriate B.S. Specification. 


<0: ans Oe 


This is a typical 
example of our “C” 
Core range. We 
manufacture both 
open and hermatic- 
ally sealed types, 
specifications. 





customers 


wound to 
This range extends from 10 VA to 1.6 
KVA at frequencies up to 2,000 cps. 





WHATEVER YOUR NEEDS — 
OUR TECHNICAL AND DESIGN DEPARTMENTS 
ARE AT YOUR SERVICE 


ANDEC LIMITED 


A.1.D., A.R.B., approved 
BENNET ROAD - READING - BERKSHIRE 


Tel. 82401 /2. 











ViLIw 


INSTRUMENTS IN 


’ Ld 








Electrin Works, Winchester Street, Acton, W.3. 


A7 


ENGINEERING 





ELECTRONIC 


AGTtON . «4% 


NUMBER SEVEN 


The Light Fantastic... 


Stage lighting is an art—and when controlled, as it is in such 
famous London theatres as Drury Lane and the Palladium, by the 
Strand Electric Console-Preset—it becomes an exact science. One 
man operating the Console can control the complete lighting 
‘script’ with ease, and any number of dimmers may be selected 
instantaneously at any time for modification. For the 
smooth and efficient working of the Console; 











immediate, accurate control is necessary and 
M.I.P. measuring instruments provide the high 
degree of reliability necessary for components in 
this ultra-modern piece of theatre equipment. 


Measuring Instruments (Pullin) Ltd., are always 
ready to discuss special instrumentation, and our 
highly qualified design and development team, 
backed by the resources of the Pullin Group of 
Companies, is at your service. Have you had 
our catalogue of standard instruments and 


test sets ? 


INSTRUMENTS (PULLIN) LIMITED <b S PULLIN 


Telephone : ACOrn 4651 and 8801 (5 lines 


London Showrooms : Electrin House, 93-97 New Cavendish Street, W.1 
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All the experts 
use — 


ELECTRIC SOLDERING IRONS 


* Reliable 


bata HELI-COIL 
* Long-lasting PUSH-TYPE IVVERTS 


THE READY-MADE THREAD FOR MOULDED 
A model for every purpose MATERIALS 

Eliminate the need for solid brushings and tapping, use 
HELI-COIL PUSH-TYPE INSERT the ready-made screw 









































— 65 watt round pencil bit thread for moulded and plastic parts, die cast alloys, 
— powdered metals, all soft light materials and many hard 

Leaflets on request from metals. Pushed directly in drilled, cast, or moulded, 

blind or through holes, this is the ideal low-cost, volume 

W. T. HENLEY’S TELEGRAPH WORKS CO. LTB. production, fastening method. A few shillings in tooling 


is all you need for up to 1,200 holes and more per hour. 


51-53 Hatton Garden, London, E.€.1 ir fetter, ¢ Lp , , Li 


Tel: CHAncery 6822 
Write for details to 


FOR 95 YEARS THE BEST ARMSTRONG PATENTS CO. LTD BEVERLEY, YORKSHIRE 


BAP? 














when W.E. can remove it’s cause 


Winston Electronics undertake sub-contract work, both for development and 
production of electronic equipment and sheet metal work. So, if you get blood-pressure 


from not having what you want when you want it, please give us a chance to quote 





for your requirements. 
A.1.D. and A.R.B. approved. 


| Winston E LECTRONICS 


SO VET F aW 2eWE. SHEP CEATON, BWItvet_€se& a 
Telephone: Walton-on-Thames 6321 
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cradleclip 





twice as good... twice as quick 
when you wire with Cradleclip 






this revolutionary 
system cuts wiring 
time by 50°, 


look at these remarkable features 
Combines high-speed fixing with simplicity. 
Makes wiring systems neater and more compact. 
Completely insulated and suitable for all climates. 
Simplifies wiring adjustments. 
Assured electrical and mechanical security in all 
conditions. 
Substantially reduces wiring costs. 


More and more progressive Companies are switching to 
Cradleclip. ... No wonder, when you consider the 
remarkable versatility and proved economy of the 
Cradleclip system. Two simple movements and 
Cradleclip is truly fixed, quickly, efficiently and neatly! 
Cradleclip, whilst being extremely simple in operation, 
sacrifices no point of technical efficiency and is suitable 
for service in all climatic conditions with a temperature 
range of —60 C to +100°C. Cradleclip is another 
Insuloid contribution to progress in electrical industry. 
We would be pleased to send you fully descriptive 
literature telling you all about the Cradleclip revolutionary 
wiring system on request. 








Simply screw 
the Cradle to 
Panel Board 


Fit cables and Grou cables Secure with 
secure with Clip and place Binder Clip 
in position 





find out about these other INSULOID products 
AS Saddles NX, X & CY Clips 
SAS Saddles Flexiguard 

Ring Lock Bush Busbar Insulation 


Insuloid products for greater cable efficiency 


INSULOID MANUFACTURING CO., LTD 


Sharston Works, Leestone Road, Wythenshawe, M/C 
Tel. WYT 2842 & 3163 Grams INSULOID, MANCHESTER 
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If you ee 
a small METAL PRESSING 


for your product, why not consult us ? 
a * = 
We specialise in light precision 
presswork in all metals for the 
Electrical Trades 
QUOTATIONS BY RETURN 


BIRMINGHAM SPECIALITIES LTD. 
86-31 BATH STREET, BIRMINGHAM 4 
Phone : CENTRAL 2492 


PRECISION REMOTE 
POSITIONING EQUIPMENT 


This equipment enables a remote shaft to be turned in accordance with 
the position of a local Magslip transmitter and comprises a two channel 
servo amplifier, two phase induction motor and induction itor 
feedback together with remotely located coarse and fine 

transmitters. Output torque 50 Ib. in. Full details on request from:— 


Serve and Electronic Sales Ltd. 


1 Hopton Parade, Streatham High Road, London, S.W.16. 
Tel: STReatham 6165 


: , 
Seo eran fee Won 


VELODYNE MOTOR GENERATORS, MAGSLIPS, SELSYNS, 
IPOTS, SERVOMOTORS, RESOLVERS, AMPLIDYNES, 
ELECTRO-HYDRAULIC SERVO SYSTEMS ETC., ETC. 



























AJl.D. A.R.B. APPROVED 


CAPACITY AVAILABLE 





for the manufacture of 


‘C’ CORES ‘Ee’ CORES 











TRANSFORMERS TRANSFORMERS 
| FOR ALL 3 PHASE 
APPLICATIONS 
AIR COOLED OIL FILLED UP TO 4K.V.A. UPTO 10 K.V.A. 
IMPREGNATED HERMETICALLY AT SO CYCLES AT 400 CYCLES 
SEALED | AND ABOVE 











5 V.A. TO I'S K.V.A. AT 50 CYCLES 
UP TO 4K.V.A. AT 400 CYCLES 
AND ABOVE 


Approved Suppliers to 











VACUUM IMPREGNATED TO 
ALL USUAL SPECIFICATION 


Government Departments 





Hawthorn 430-1 
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1S VOLT 
STABILIZERS 


“ 


THE A.E. RANGE OF HERMETICALLY SEALED 
LOW VOLTAGE STABILIZERS 


Regulation : -07V approx. Max. operating currents: 20 mAto! A. 
Slope Resistances: 35 to ‘07 Ohm. Ambient temp. limits: -5° to 70°C. 
Useful frequency range: up to 10 M/cs 


Also available with small ‘‘emergency’’ storage capacity. 
Suitable for operation in series and parallel. ‘‘Filter action”’ 
of 400 mA type at 50 c/s equivalent to 60,000uF. Applications 
include: ‘‘Fixed bias’’ operation, protective ccts., D.C. heater 
supplies, reference potentials, semi-conductor circuitry, 
stabilised supplies, etc. Srochure from Sole Concessionaires : 


MERCIA ENTERPRISES LTD., Godiva House, 
Allesiey Old Road, Coventry. Telephone 2279. 




















RELAYS jor TELECOMMUNICATIONS 


A quality Relay similar to the 3000 type but with an 


improved design Coil Tag. Sensitive, High Efficiency 
Magnetic Circuit, incorporating the projected knife-edge 
Yoke. 

Nickel Silver Contact Springs with Silver, Silver Alloys, 

Platinum or Heavy Duty Elkonite Contacts as required. 

Up to 6—Sets of Change-over, or 8—Sets of Make or Break 
Contacts. 

Coils wound up to 100,000 ohms, with up to three windings 
on one coil. 


Bnquiries to: 
AUTOPHONE LIMITED 


539/547, Wandsworth Road, London, S.W.8 
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for space-saving simplicity 


SPECIFY 





SUB-MINIATURE POTENTIOMETERS 


These EGEN pre-set potentiometers are specially 
designed for low-cost, space-saving construction 
in both conventionally wired and printed circuits. 
Strongly made, they are outstanding in depend- 
ability, accuracy and freedom from wear. 


ROTARY TYPE. 


These pre-set variable 
potentiometers are robust 
and easy to adjust. 

Type 170 is for independ- 
ent mounting on two 
holes. 

Type 171 is for printed y»*”™ 
circuits. 

Type 172 has 1” 
for mounting in wiring. 
Law: Linear. Values: 
4,700 ohms to 2-2 Meg- 
ohms. Tolerance + 20 
1/10 Watt rating. 






leads 


STRIP TYPE 


The ultimate in simplicity and space-saving 
with the circuit facilities of a variable 
potentiometer in little more 
space thana fixed resistor. Type 

174 (carbon) has a 1” lead 
for mounting in wiring. 

Rating: } Watt. Values: 


4,700 ohms 2-2 









Toler- 
ance: 20°, In 
addition there are 
Types 19S5and 196 

\ which are wire- 
\ wound, giving 
values from 

10 ohms to 2,000 ohms at 


} watt. Tolerance + 10 


to 22 
Megohms 





ELECTRIC LIMITED 
CHARFLEET INDUSTRIAL ESTATE 


CANVEY ISLAND, ESSEX, ENGLAND 
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Enredllence H AMGM 1. 


Specialists In Sub-miniature Telecommunication 
Components 


STAND-OFF 
INSULATOR 


For 1500 volts working 
Overall height 1.1” 
Over chassis .86” 

Silver plated tinned 
spill .35” 

6 BA_ hexagon stud, 
chromium plated 














Illustrations are 
approximately actual size 





MINITRIMMER 


Standard maximum cap- 
acities up to 13 pF Fe 
Voltage 500 DC 

Base §” square with 
fixing centres for 10 BA 
2° apart. 





Details from:— 











DEVELOPMENTS CO. LTD. 

















ULVERSTON NORTH LANCS § 7e/: Ulverston3306 










RELAYS 


IN THOUSANDS OF panne 
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’ PLEASE 
WRITE FOR 


LONDEX LTD LIST ‘RE’ 


ANERLEY WORKS - LONDON - SE20 
Telephone: *& SYD 6258 
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“00° TWIN 
CONDENSER 


f ll 


ene, 


Designed for use in minia- , eg 
ture transistor receivers. \e Heed G 
The front (aerial) section is , 
208 pf. to provide coverage 
for medium waves, and the 
rear section is 176pf. which 
may be padded to match 
the oscillator. Very robust 
yet light weight. Front 
area 1g” x 143” x 1 4,” deep, 
price 9s. 6d. 


Mi Mf, 


LL Wy 


It’s reliable... 


JACKSON BROS. (LONDON) LTD. 


KINGSWAY - WADDON .- SURREY 
Tel.: CROydon 2754/5 


“ SPINIATURE” 


SUB-MINIATURE 


if it’s made by — 








PLUGS, SOCKETS, 
AND 
SOCKET STRIPS 


7 


SPEAR ENGINEERING CO. LTD. 
WARLINGHAM + SURREY 


Tel: Upper Warlingham 2774 











BRITISH SPRINGS % WASHERS 


WILLIAM FINUCANE 
(Springs and Pressings) LTD. 


A.i.D. A.R.B. 


ELGAR 3757/8/9 


16A HILLSIDE, STONEBRIDGE PARK 
LONDON, N.W.10 
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When it’s a question of 


HYDRAULICS 







Hand 
Operated 
Pump 


Retraction 
Jack 






Double Acting 
Jack (Extension 


Motorized Pump and Retraction) 


for low voltage 
mains supplies 





HYDRAULIC CLAMPS 


This simple, speedy method of work- 
holding slashes production time and 
costs 


2 way or 4 way valves 
for Hand Operated 
Pump 


VALVES 





Solenoid Valves push 
open or push closed 


yo" 
om R JACKS Publication Al/223 sent free on request 
ri 


IMITED 
MAYLANDS AVENUE, HEMEL HEMPSTEAD 


Telephone: Boxmoor 3800 Telegrams: Newsorber, Hemel Hempstead 














ALL TYPES SUPPLIED 





CONVENTIONAL METHODS OF FIXING 





PRINTED, ETCHED, ANODISED OR 
MACHINE ENGRAVED 





IN METAL OR PLASTIC 


[=SzIKe Ix -| 
— USE 





® BUT IF YOU WANT A 





























TYPE No. 101 181 


MULTI-RATIO 
STANDARD 





ENCAPSULATED 
PULSE TRANSFORMER 


STANDARD. _Ferroxcube Core, Resin Cast, Pulse 
Transformer which will meet all low power requirements. 
Four separate windings of equal number of turns, enable 
a variety of alternative ratios to be chosen by suitable 
inter-connection. Exceptional low frequency response, 
will accept pulses up to 100u sec. duration. 

Low leakage inductance. Low initial spike. Minimum 
droop. 300v. peak working. Maximum D.C. current 
12.5 m/a. 


AVERAGE CHARACTERISTICS 














PULSE DURATION 100us | 100us | 100us | SOus | SOus  SOus 
INITIAL AMPLITUDE Sv | Sv | 30v!| Sv Sv | 30¥ 
(EXC. INITIAL SPIKE) 
A DROOP (WITH 2 WDGS. 
IN SERIES FOR BOTH | 284 | 37 54.9 182 2 84 
PRIM. & SEC.) 
LOAD RESISTOR = 2K © 
8 DROOP (WITH SINGLE 
WDGS. FOR BOTH 54.1 73.8 | 86.7 | 31.9 429 0 
PRIM. & SEC.) 
LOAD RESISTOR = 2K Q 
Rise Time UNDER CONDITION “A” <0.2ys. 
Rise Time UNDER CONDITION “B” <0. 1 ys. 7 68 4 3 
INITIAL SPIKE UNDER CONDITION “A"’* =. 20°, . 
: : ’ 
INITIAL SPIKE UNDER CONDITION ““B”* =. 24 ’ : | 
i 
ae ° ’ 
DIMENSIONS: 1” X14" «1 
, 6 5 1 2 
FixinGs: Two 6 B.A. Stups, | 4° Cenrres 


ATKINS, ROBERTSON 
& WHITEFORD LTD. 


INDUSTRIAL ESTATE, 


quick Fix / CAGES RATES) THORNLIEBANK, GLASGOW 
MANUFACTURED BY TELEPHONE : GIFFNOCK 1031/2 
RICHARD CHING & SON LTD. TELEGRAMS : “ATROWHIT'’ GLASGOW 
That MPANY WITHA ARTE A ee dUdUlclClChCh lUhhlC hdl SN GR OOOO OSS OSSSE 22S 42 6 SSSBESSBSS®ZSO2FG 
vNAMEPL A ALE ek is ca | LONDON OFFICE: VICTORIA STREET, S.W.! 
721. NORTH CIRCULAR ROAD. CRICKLEWOOD LONDON, W-W OF QUALITY ' TELEPHONE: ABBEY 4704 
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FREQUENCY METERS * PHIL-TROL 
is een @@1 SOLENOIDS TH 
UP TO 5000 CYCLES is oh | -y —, es > 
b, l 4 ” ” ; 
PROMPT DELIVERY me i SPS bon gate 
. QUICK DELIVERY | and power A.C. and D. | 
i | sizes up to 60 inch-Ibs. | 
I 
proce eeslonaprendll, Mi | 6 v-460 v A.C. and zajunntui 
as receipt of order. D.C. we } = 
@ ® (oe 
,PHILLIPS CONTROL (G.B.), LTD. | = 
Dept. G7, Farnborough, HANTS. Tel: Farnborough 1120 = =” 
[| Sonn 
ee 
also the new SYNCHROSCOPE and PHASE CONTROL ‘Ss ; “ma 
SEQUENCE METER both up to 5Kc. CLIP-TYPE P.M. 250 dias = 
and full range of Switchboard instruments Chesed haeinieniadel | ig open enc 
Ask for illustrated Catalogue * Very easy to essemble COST & SPACE 
THE ELECTRICAL INSTRUMENT @ Can be adjusted while T.V. is in operation J 
co. (Hillington) LTD. @ Will operate satisfactorily on high peak currents 
HILLINGTON GLASGOW CC 
; ant Eo mo sia ty OS oN PANORAMA RADIO COMPANY 
see Telephone : High Wycombe 2169 73 WADHAM ROAD, LONDON, S.W.I5. pho 
Telephone VAN 5300 




















Insist ON 5 V.A.-100 K.V.A. 


LUMINESCENT MATERIALS T.E.C. TRANSFORMERS 


ELECTRIC DISCHARGE LAMPS 
CATHODE RAY TUBES 
X-RAY SCREENS 
INSTRUMENT DIALS 
DECORATIVE DISPLAYS 





SPECIAL PHOSPHORS MADE TO 





























CUSTOMERS’ SPECIFICATIONS Are y 
of cor 
assem! 

xk*k not be 
take ; 
DERBY LUMINESCENTS LTD. ge 
Offices : 
107 Old Broad Street, London, E.C.2. ain a 
Telephone : MINCING LANE $272. Catalogue 2 Go 
Telegrams : PLATIVET, London. on request:- XN cae teeoaens : 
15 v.a. to 350 
Works : The igi = : 
Millmarsh Lane, Brimsdown, Enfield, Middlesex. TRANSFORMER xX ELECTRICAL Co. LTD. | 
HOWard 2208 ONYWOOD RD., BASILDON, ESSE ; 
Telephone: Basildon 20491 /3 i 
j 
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THIS/ is the motor 


FOR SEQUENCE SWITCHING, CHART 
RECORDERS, PROCESS CONTROLLERS, 
INSTRUMENTATION, AUTO-LUBRICATION, etc 


AUT ye SEE 
STARTING 


* CONSTANT 
SPEED 


* WIDE 
VARIETY 
OF SPEEDS 


* YEARS OF 
RELIABLE 
SERVICE 


Width 24 
Depth ij 


PTO 


LLC LLP) 
VUVIAUEULA AOU TAPE 


Sintered bronze rotor bearings ensure long life. 
Power consumed 1—2 watts. Write or telephone 
now for full details of this compact, totally 


enclosed LIGHT DUTY Motor Unit. 


SMITHS 


CONSTANT SPEED MOTORS 


CONTRACTS BRANCH, SMITHS CLOCKS & WATCHES LTD., 
179 GREAT PORTLAND STREET, LONDON, W.) LANgham 5811 





The MICROBENCH 


TYPE 3900 





Spécificalty~ designed as a demonstration and _ teaching 
instrument and for routine component testing, the Micro- 
bench is a surprisingly compact unit comprising all those 
instruments normally required for an ‘X’ band test bench. 


You are invited to write for leaflet ED.2/ 


MICROWAVE INSTRUMENTS LTD, 


Ala. 











Are you aware of the variety 
of contact build-ups we can 
assemble? Your problem may 
not be as bad as it seems if you 
take advantage of our wide 
experience in the unlimited 
uses of this adaptable product. 


: Quotations by return 


Polarised Relays, 

High Speed, Contactors, A.C., 
P.O. Key Switches, all types 
Type 600 Relays 
Uniselectors 

Built to R.C.S. and R.C.L. 


Prototypes within 48 hours 
161 and 153 if required 


Good delivery guaranteed 
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P.0. Type 3000 


The most versatile relay 
available today. 
Coils up to 120,000 
Spring Set Insulation up to 
5KV 


” Gach Daris (Relays )L¢d. 


Used all 
over the 
world 
for 


METER PROTECTION 








TIME DELAY 





OVERLOAD TRIPS 





ALARM SYSTEMS 





FLASHING & PULSING 





PROCESS CONTROL 






TIMING DEVICES 





MAINS FAILURE 
PROTECTION 






COMPLEX OR 
SEQUENCE SWITCHING 







SELECTION & 
COUNTING SYSTEMS 










HIGH VOLTAGE 
SWITCHING 








\ 


(DEPT’E') TUDOR PLACE, LONDON, w.! 


TELEPHONES: MUSEUM 7960 LANGHAM 482! 
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H. T. NEWTON & CO. 


SPECIALISTS TO THE ELECTRICAL 
AND ELECTRONIC INDUSTRIES 


Electrical and Electronic Equipment, 
Switches, Plugs, Sockets (Over a million 
in stock—IMMEDIATE DELIVERY), 
Relays, Fuses, Connectors, Distribution 
Boxes, Radio & Radar Components, 
Instruments and Test Gear. 


A.I.D. and A.R.B. approved 


Contractors to H.M. and Foreign Governments 


GATWICK AIRPORT 
HORLEY - SURREY 


Telephone: HORLEY 15/0 & 36/3 
Telegrams: NEWTONAIR HORLEY 











secant STATAIR units 


Compact — adaptable — economical 
Multi-Stage 
Greater pressure or suction without increased 


For further information write to the manufacturers , 


SERVICE ELECTRIC CO. LTD. 


HONEYPOT LANE, STANMORE, MIDDX 


For 
HIGH VELOCITY 


SUCTION & 
' BLOWING 


IMPELLER SIZE 2}-12 in. Dia. 
AIR PRESSURES 0.3 in.-30 in. W.G. 
VOLUMES 20-350 C.F.M. 





impeller diameter : 
Data sheet 132/EE 


Series Commutator 

For applications requiring high performance in 

small spaces é 
Data sheet 104/EE 

Induction Motor Series 


Great reliability working against comparatively <> 


high water gauge pressure 


Telephone 





Data sheet 132/EE 


5566-9 











please send Ny 


THE MIDDLETON TOOL & ENG. C°L" 


ALEXANDRA RD, PONDERS END. MIDDX 


HOWord ” 4 








INSULATION 


Our products include— 

Presspahn and Leatheroid; Pressboard; Vulcanized Fibre; 
Cable and Red Rope Paper; Bakelite and Ebonite; Varnished 
Paper and Tapes; Varnished Silks and Tapes; Varnished 
Glass and Tapes; Varnished Cambric, Silk, Glass and P.V.C. 
Sleevings; Cotton Tapes, Webbings and Sleeving; Chatterton 
Compound; Adhesive and Rubber Tapes; Acetate Coated 
Insulation. 


PRESSPAHN, LTD. 


BRADFORD, YORKS, ENGLAND 
Established 1900 


aeciSTEng, 









fLecrai ca 


ELLSTEA 


nsUlArio, 








Telephone: Bradford 25135 (Pvt. Br. Ex.) 
Telegrams & Cables: ““Presspahn, Bradford” 



















TRAINING IN ELEGTRONIGS 


We can supply specialist self-study Courses in Electronics at 
all levels. We also operate supervised training schemes in all 
types of works and factories. 

In addition, we have a wide range of educational equipment 
available for use as training aids in radio, television and 
electronics. 


Please advise us of your requirements and write to:— 


E.M.1. INSTITUTES, Dept. 11, London, W.4 


(The educational organisation of the 
E.M.1. Group of Companies which include 


“HIS MASTER'S VOICE"’, MARCONIPHONE, ETC.) 
JAN./58 1.C.101. 








TO MANUFACTURERS 


We carry extensive stocks of 


ELECTRONIC COMPONENTS 


of guaranteed performance, reliability, endurance and long life. 
TRANSFORMERS, RECTIFIERS, SWITCHES, CHOKES, 
POTENTIOMETERS, RESISTANCES, ELECTROLYTIC 
CONDENSERS, SILVER CERAMIC, MICA, WAXED 


METALLISED PAPER, RESISTANCES, INSULATED 
COPPER WINDING WIRES & MATERIALS, ETC. 


SEND FOR LATEST AND MOST COMPREHENSIVE STOCK LISTS 


THE ELECTRONIC COMPONENTS CO. 
162, Grays Inn Rd., London, W.C.1. 


TERMINUS 0228-9 
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STEEL SHELVING 
Rin HGH Bo —===- 
34 in. WIDE 


12 in. DEEP 
@ Brand new— 


Manufactured in 
our own works. 





@ Shelves adjust- 
able every inch. 


@ Heavy gauge 


shelves will 
carry 400 Ib. 
each. 


@ Stove enamelled 
bronze green. 


@ 6 shelves per 
bay—Extra 
shelves 8/- each. 


@ Quantity 
discounts. 


Delivered free 
£3 ISs. 


Ready for erection. 





N. C. BROWN LTD. 
Equipment Wing, HEYWOOD, LANCS. 
ALL OTHER SIZES 


—the manufacturers available at equally 
keen prices 


This shelving is avail- 
able in WHITE enamel 
at extra cost. 


Telephone : Heywood 690/18 (3 lines) 



















COUNTERS 
FOR EVERY 
INDUSTRY © 


BACKED BY 70 Please write for illustrated 
folder “EL’’ giving details 
YEARS -EXPERIENCE of full range. Representa- 


tive will call upon request. 








Head Office ond Export Sales 
DUNDEE. Tel: Dundee 85218 
United Kingdom Sales Office 


20 PURLEY WAY, CROYDON, SURREY 
Telephone THOrnton Heath 3477-8 




















DONOVAN 
A:C: POWER RELAYS 


WITH 2, 4 or 8 potes 


Any pole can be supplied ‘‘Normally- 
open’’ or ‘‘Normally-closed’’; double- 
break main contacts rated at 10-amps. 
550-volts maximum. One or two aux- | 
iliary change-over contacts can be added | 
in addition to main poles. Tractive coils | | 


available—6 to 550-volts A.C. 

The relay when open style, is supplied | 
with back fixing plate suitable for mount- 
ing on insulation or steel panels, or in 
metal cases. | 


THE DONOVAN ELECTRICAL 
co : LTD. 











om 
@ 2-Pole Open Style 
Relay with two 


changeover _ coil 
circuit contacts. 





@ 8-Pole Open Style 
Relay with one 
changeover coil 
circuit contact. 


@ 4-Pole Enclosed Relay. 





Sales Engineers Available In 





AM | LONDON BIRMINGHAM MANCHESTER 
74 GRANVILLE ST., BIRMINGH GLASGOW BELFAST BOURNEMOUTH 
LONDON DEPOT: 149-151, YORK WAY, N.7. 
GLASGOW DEPOT: 22 PITT STREET, C.2. 
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INSULATING SLEEVINGS 


II 
| P.V.C. and POLY THENE 


SLEEVINGS 
INSULATED WIRES 


and FLEXIBLES 


IJ Poi: " S A.1.D. AND A.R.B. APPROVED: gee 
0 we On. 
JUSTICE WORKS - GERVASE STREET PLASTICABLE LIMITED | 


OLD KENT ROAD « LONDON - SE.15 aS , HAWLEY LANE - FARNBOROUGH .- HANTS 
* PHONE: FARNBOROUGH, HANTS 85 











































































SPECIALIST MANUFACTURERS OF WEBB'’S RADIO 


HIGHEST GRADE the London Agents for 


INSTRUMENT WIRES. EDD VV 
7 


vo 
COPPER AND RESISTANCE WIRES. — - 
Trade Mark “MANGINSAX" — GENUINE MANGANIN. From the smaliest component Also the latest addition to 





established 1895 
jeati ; the EDDY: 
ENAMEL, SILK, RAYON COVERED. e» Commententions Sasstvere = 4 ego tne ll 
“ oo _4¢' oo 46 ” e — 
P.V.C. POLYTHENE, P.V.C. MICROPHONE Models “680X""—"750"—"B40A lac. P. Tax 
“INSUGLASS”. THERMOCOUPLE, etc. (30Me/s to 500Ke/s) Gives efficient broadcast reception 


ON LECTRICAL WIRE co LTD Models “*770U’'—"770R"’ The “S70"" chore tall EODYSTONE 

THE SAX 1A E ° a (150—S00Mc/s) - (19—165Mc/s) specification and reliability at a very 
Contractors to the Admiralty, War Office, Air Ministry reasonable price. 

Shop Hours: 9.00 to 5.30 (7.00 p.m. Thursday) and 9.00 to 1.00 Saturdays 


ROAN WORKS, GREENWICH S.E.10 . ; 
Grams: “SAXONIST LONDON” Phones: GREenwich 0463, 1672 @‘ % 4 > | WZ. xer 
“GREENWICH CABLES & FLEXIBLES” A » A Ps 


14 SOHO STREET, LONDON, W.1!. TELEPHONE: GERrard 2069 


























QUALITY ELECTRONIC COMPONENTS 


-2. 


VALVE RETAINERS nae 


3 plea ata 
Migeees 
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Be 
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Electrothermal Valve Retainers are available 
to fit any type, make or size of valve. What- 
ever the problem, a suitable Valve Retainer 
can always be supplied. Inter-Service type 
approved, they can be specified and used 
with confidence. Write now for your copy 
of Electrothermal Valve Retainer and Data 
Manual. 


Also available :— 


Precision Resistors, Valve Cap Connectors, 
C.R.T. Connectors, Wiring Jigs, Heating Mats 
for Telemetering Equipment. 





ELECTROTHERMAL eres 


ENGINEERING LIMITED : 270 NEVILLE ROAD . LONDON, E.7 


GRAngewood 99/1 
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FOR USE IN 
ELECTRONIC 
CONTROLLING 
CIRCUITS 









The unit is double-wound, 
vacuum dried and impreg- 
nated, and sealed with 
bakelite varnish after 
impregnation. The ter- 
minals, neatly disposed on 
the bakelite panel, are 
double-locked to allow for 
any shrinkage in the thick- 
ness of the panel. All 


bakelite parts are sealed after machining. Clamped by heavy 
gauge steel pressings to minimise hum. 


INPUT: 0—400—420—440 volts. 
SECONDARY |. OUTPUT: 500— 
450—350-_0—350— 
450—500. 100mA. 
2. 6.3 volts at 2 amps. 
3. 6.3 volts at | amp. 
4. 5 volts at 3 amps. 











AUSTIN WALTERS & SON, LTD. 
AYRES ROAD, MANCHESTER, I6. Tel: TRAfford Park 1827. 
CW 3237 


Increased production results in 


COWER RELAY PRICES/ 


We are manufacturers of Post Office Type 3000 
relays with contacts and windings to customers’ 
requirements. 
Impregnation, 


insulation available. 
Our Sales Engineers will be pleased to call and 


discuss your requirements. 
FAST DELIVERY (10 DAYS 


tropicalisation and high voltage 


STEVENAGE RELAYS LIMITED 








VrCoUm 


MORE AND MORE of the leading Radio and Electrical manu- 
facturers are discovering, in dealing with Framestyles, 
that workmanship of high quality is still compatible 


with reasonable prices. Our wide experience enables 


us to offer expert advice on your problems 
in our field, and we welcome opportunities 


to do so, whatever industry you may be in. 
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in Associate Company of W. H. Sanders ( Electronics) Limited 
GUNNELS WOOD ROAD - STEVENAGE - HERTS 
Telephone : Stevenage 981 
! 
i 
I DECORATIVE 
i ’ at, . 
| METAL FINISHES 
! 
! 


i LIGHT ASSEMBLIES 
& FABRICATIONS 


! 
! 
! 
i 
I FINE-LIMIT 
| PRESSINGS 
| Framestyles Limited, 
agers Stapleford, Nottingham 
ke 
AL_A Tool croup 


Telephone: Sandiacre 3463 /4 
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P|NETRA 


PRECISION 7 ah ae | 
ENGINEERING “= <i, 






For a quarter 
of a century 
Cinetra has 
catered for the 
exacting needs of the electronic industry, manufac- 
turing engineering products of the highest precision. 
A speciality is gear drives made to the finest tolerances, 
ensuring silent running with a virtual absence of 
backlash and with perfect angular accuracy. 


12, OVAL ROAD, LONDON, N.W.! 
Telephone : GULliver 2353/4085 












NEW MINIATURE 
PLUG-IN RELAYS 








* Full mechanical protection 
* Amazingly low cost 

* Samples normally ex stock 
* Bulk deliveries, 8 weeks 


Besson and Robinson Ltd. 


2 ASHLEY PLACE, VICTORIA, LONDON, S.W.I 
(TATe Gallery O8S5/9) 

Sold through the techni ales orgar rion of 

Oliver Pell Contr 














Let us be your 
MODEL SHOP! 


We specialise in the design and manufacture of 
instruments to a customer's specifications or 
drawings. 

The work may involve patent investigation, 
documentary research, writing reports, esti- 
mating costs of the development programme 
up to prototype production, and the prepara- 
tion of drawings. 

All this we can do, and our specialised know- 
ledge and information can often produce 
surprisingly low costs. 

We possess development, drawing, sheet metal, 
turning, furnacing and assembly facilities, and 
can weld most metals, including aluminium 
Precision machine work is carried out by some 
tried and trusted friends. 


BOURNE ENGINEERING LIMITED 


ABBEY MILL, ST. ALBANS, HERTS 
Telephone: St. Albans 57375 @ Telegrams: Bourneng St. Albans 


CAPACITY AVAILABLE 





DEPENDABLE RELAYS CO. LTD. 


Manufacturers of 3,000 & 600 TYPE RELAYS 
have now moved to their new factory at 


8a AINGER ROAD, LONDON, N.W.3. 
Tel: PRI. 816! 


CAPACITY AVAILABLE FOR RELAY ASSEMBLIES 
| AND ASSOCIATED ELECTRONIC EQUIPMENT 


} including Transistorised Relay Units for Counters, Controllers, 
i Timers, all electronic assemblies including chassis, specialists in 
cable forms 











A. C. SOLENOID TYPE SAM/T 
INCREASED PERFORMANCE 
Continuous 140zs at }” 
Instantaneous to §4 lbs. 
Same dimensions as Type SA 


Larger and smaller sizes avail- 
able. Greatly increased 
discounts for quantities 
Also transformers to 7kVA 
3 phase 


R. A. WEBBER LTD. 


18, FOREST ROAD, KINGSWOOD, BRISTOL. Phone: 67-4065 
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i 
Furnaces 
4 


For the special purpose furnaces required in elec- 
tronic work the majority of leading manufacturers in 
the industry have turned to Royce. Being specialists 
in furnaces for individual requirements, Royce have 
wide experience in adapting proved basic designs to 
the particular processes of different manufacturers. 
However unusual the application, Royce will be 
pleased to submit a drawing and specification, and 
will readily co-operate with customers, in strict ~ 
confidence. 

Royce equipment ranges from low temperature ovens 
to furnaces operating at temperatures up to 2,000 C. 
May we discuss your heat treatment problems 
with you? 


specially designed 








Platinum and platinum/rhodium tube 
furnaces with impervious inner tubes 








Silicon carbide resistor furnaces for 
batch or continuous loading 


Bell type furnaces for use with 
controlled atmospheres or vacuum 


—t 





ROYCE ELECTRIC FURNACES LTD 
Sir Richards Bridge, Walton-on-Thames, Surrey 


Tel. Walton-on-Thames 2577/8 





RF/300 
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The reliability of modern instrumentation argues the Precision drawn resistance wires . Nickel cathode 


efficiency not only of the instruments themselves but of tubes . Grid support wire . Contacts and contact 


the specialised materials and components upon which their ay - Metem ceaipets . 


, ; Silvered mica capacitor plates . Fine fuse wires 
performance depends. The contribution that Johnson 7 ° 

“ ; ; Platinum: rhodium-platinum thermocouples . Mallory 
; eres . sc a 
Matthey make to progress in somatic process control 73 Beryllium Copper wire and strip . JMC Phosphor 
and other important fields—is unobtrusive, but is none Bronze . Bourdon, capillary and pointer tubes . Wires 


+ + + H+ + F 


the less vital. for resistance thermometry . Silver brazing alloys. 


Specialised Products of 


Jo h n rs oO n Mi att h Py Technical data sheets describing the products 


listed above are available on request. 





JOHNSON, MATTHEY & CO. LIMITED, HATTON GARDEN, LONDON, E.C.1. Telephone: Holborn 6989 


Vittoria Street, Birmingham, |. Telephone: Central 8004. 75-79 Eyre Street, Sheffield, |. Telephone: 29212 
E2 
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Infinitely Variable Speed... 


... accurately controlled 


Sracttonal up to 35up Dives 


. by either Hand, Remote 
E 3lectrical, Lever or Hydraulic 
Relay controls which may be 


adjusted with the Gear 
running or stationary 
Carter Hydraulic 


Variable Speed Gears are 
made in ten sizes for 
drives from 0.25 up to 35 
horsepower. 

Positive displacement 
action ensures a high degree 
of ‘controlability’, 
of prime importance for many 
continuous process drives. 


a feature 


Write for Folder 458 


Specialists for over 20 years in the 
design and manufacture of Hydraulic 


Variable Speed Gears. 
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Remote Electrical control 
push button operated 
from any number 

of convenient points 

is shown fitted to 

a Size F10 Carter Gear. 
Limit switches are fitted 
so that maximum 


and minimum output speeds 


may be pre-set 
and special circuits can 


135 


be arranged to give a wide 
range of operating times. 


Carter Gears Limited 











BRADFORD 3 
YORKSHIRE 
ENGLAND 
‘phone: Bradford 64378 (3 
Bradford 7 elex 


2 


lines) 











‘grams: ‘Became’ 
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-J DIAGRAPH “<i : 
A NEW INSTRUMENT Type ZDU 


plotting 
impedance 


IN RADIO FREQUENCY CIRCUITS 










Eliminates lengthy and cumbersome calculations 
All measurements read direct from interchangeable charts 


A UNIQUE DEVICE - specially 
developed for rapid, accurate impedance 
and admittance measurements by 
Germany's leading instrument-maker, 
the Z-g Diagraph indicates results by 
the light spot projected on to a Smith or 
similar chart. An entire broadband 


characteristic is presented visually in 
a few minutes. 
There is direct indication of the 


transmission characteristic of a four- 
terminal network or the phase angle 


Telephone 


* South Ockendon 2021. 


between two voltages of unequal 
amplitude at the same frequency. 

Charts available for measurement of 
Reflection Coefficient, Resistance, 
Reactance or Magnitude and Phase 


Angle of an unknown 
Usable __ without 
reconnection. 


Type ZDD 


impedance. 
recalibration or 


Write for details of this and other new 


instruments. 


AVELEY ELECTRIC ww. 


AYRON ROAD, 


AVELEY INDUSTRIAL ESTATE 


SOUTH OCKENDON, 


U.K. Concessionaires for Rohde & Schwarz, Munich 
AERSALE, South Ockendon, Romford, Essex. 


Telegrams : 


ESSEX 


for 30-300 Mc s. 


for 300-2400 Mc/s. 


EXTENDED RANGE 
MODEL 


30-420 Mc's. 


AVELEY ESS 


85/18 
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THE TRADE MARK OF RELIABILITY 





REGISTERED TRADE MARK 





119 4 " 


for all applications 


TYPES APPLICATION 
DRY ELECTROLYTIC RADIO AND TELEVISION EQUIPMENT 
METALLISED PAPER (HUNTS PATENTS ELECTRONIC EQUIPMENT 
HUNTS PATENTS POWER FACTOR IMPROVEMENT 
PLASTIC FILM * FOIL & PAPER CAPACITOR MOTORS * FLUORESCENT LIGHTING 
SILVERED MICA ~*~ STACKED MICA PHASE SPLITTING H.F. AND R.F. HEATING 
CERAMIC * POWER CERAMIC IGNITION AND INTERFERENCE SUPPRESSION 


TRANSMITTING AND SPECIAL R. F. TYPES TELEPHONE INSTALLATIONS 


METALLISED PLASTIC FILM 





A. H. HUNT (Capacitors) LTD., WANDSWORTH, LONDON, S.W.18. Tel: BATtersea 1083 
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Manufacturers, Service Engineers, 
Radio enthusiasts rely on 


processes is achieved. 


AND ACCESSORIES 


Throughout the world, Multicore Solders Ltd. have established Ersin Multicore Solder in the field 
of radio, television and electronic equipment, as the most reliable type of cored solder. The 5 
separate cores of flux in Ersin Multicore Solder prevent breaks in the flux stream; there are no wasted 
lengths of solder without flux, and the risk of making dry joints through insufficient flux is eliminated. 


Ersin Multicore Type 1 Savbit Alloy containing 5 Cores of non-corrosive flux has now received 
Ministry approval under No. DTD/900/4535. It may be used for soldering processes on equipment 
for Service use in lieu of solder to B.S. 219. Ersin Multicore Savbit Alloy reduces absorption of the 
copper from soldering iron bits and increases the life of bits by up to 10 times, as Savbit keeps 
soldering iron bits in excellent condition for a considerable period greater efficiency of soldering 


If you have a soldering problem, please write to the Multicore Technical Dept., who will be 


glad to advise you. 





SAVBIT FOR FACTORIES 


Ersin Multicore Savbit 
I'ype 1 alloy containing § 
Cores of non-corrosive 
flux is supplied to factories 
at bulk prices on 7 lb. reels 
16 and 18 s.w.g. are the 
diameters most suitable 
for the majority of solder- 
ing processes. Supplies 
are also available on 1 Ib 
reels 


SAVBIT FOR THE 
SMALL USER 


The Size 1 Carton contains 

approximately $3 ft. of 18 , 
s.w.g. SAVBIT. It is also ~ 
supplied in 14 s.w.g. and 16 & 


s.w.g. Obtainable from radio Ver gavel 
“e ial 
. 


and electrical stores. Ersin 

Multicore s-Core Solder is rw es 
also supplied in 4 specinca- be 
tions of Standard Tin/Lead 


alloys 
Price s/- each (subject 


a, 
- 
aa 


SAVBIT FOR THE 
SERVICE ENGINEER 
Approx. 170 ft. of 18 
s.w.g. SAVBIT is sup- 
plied on a 1 Ib. reel 
packed inacarton. Price 
15/- each (subject). 





SPECIAL HIGH AND LOW 
MELTING POINT SOLDERS 


Comsol (Melting point 296 C 
ys Melting point 232°C 
L.M.P. (Melting point 179 C) 
T.L.C. (Melting point 145°C 


STANDARD TIN/LEAD ALLOYS 


Ersin Multicore 5-core Scider is 
available in the following standard 
alloys : 

60/40, 50/50, 45/55, 40/66, 30/70, 
and 20/80 and in 9 gauges on 7 Ib. 
and 1 Ib. reels. 


HOME CONSTRUCTOR’S 


2/6 PACK 
Cc | 
% 


19 ft. of 18 s.w.g. 60/40 
alloy or, for soldering 
printed circuits, 40 ft. of 
22 s.w.g. 60/40 alloy. Both 
wound on Reels. 2/6 each 
subject). 








Bib WIRE STRIPPER AND 
: CUTTER 


rhis 3 in 1 tool strips 
insulation without nick- 


\O ing the wire, cuts wire 


cleaniy and splits plastic 
NW 
Why 


extruded twin flex. Ad- 
justable to most wire 
thicknesses. 

‘ 


3/6 each (subject 





Bib RECORDING TAPE 
SPLICER 


Recordirg enthusiasts can affect con- 
siderable tape economies with this 
splicer. It makes the accurate 

jointing of tape so simple 

and quick that every 

scrap can 

be used. 

18/6 each 

subject. W'r:te for Free 
copy of Folder “How to Edit Tape Recording” 





Now available containing 
alternative specifications: 
Bib SOLDER THERMOMETER 
Accurately indi-ates 
temperature of bits 
and solder baths, up 
to 400°C, 
Price £6.12.6 








MULTICORE SOLDERS LIMITED, MULTICORE WORKS, HEMEL HEMPSTEAD, HERTS. (BOXMOOR 3636) 
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Behind the most comprehensive 
range of transformers available to the Electronics 
Engineer today lie Parmeko's most complete and 


up-to-date research and design facilities 


PARMEKO TRANSFORMERS 


ae 


For the Electronic and Electr ustries 


PARMEKO LIMITED, PERCY ROAD, LEICESTER 





